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1. INTRODUCTION 


Ever since 1845 and the years of famine in Ireland, one of the main objects of potato 
breeders has been to produce new varieties more or less resistant to Phytophthora 


_ infestans. 


From the beginning use has been made of the great variation in field resistance 
exhibited by varieties in common cultivation, and although no varieties have ever 
been obtained that remained absolutely free from attack, much practical success has 
been achieved in this kind of work. 

Since the discovery, in the “twenties”, of the hypersensitivity-reaction of Solanum 
demissum to P. infestans attempts have been made all over the world to transfer the 
R-genes góverning this kind of resistance into Solanum tuberosum by repeated back- 
crossing of the wild species with commercial varieties. Many of these attempts have 
been successful and numerous seedlings are now under trial. Several of them have 
been introduced as commercial varieties in one country or another. 

At first these derivatives of S. demissum appeared entirely immune from attack, but 
unfortunately it was soon found that this resistance was not stable. In many cases 
these new resistant varieties were attacked by newly-arising races of P. infestans, 
and they could no longer be called resistant to the fungus. 

Especially the fact that in the Toluca valley (Mexico) NIEDERHAUSER (8) did not 
find any line of S. demissum that was not susceptible to some strain of the parasite 
isolated in that region roused much doubt as to the value of the R-genes and stresses 
the need for discussion of the problem. 

The breeder is badly in need of some answer to the question of the extent to which 
these newly-appearing strains of the fungus lessen the value of his newly-bred resistant 
varieties. Such an answer cannot, as yet, be given on the basis of our present know- 
ledge of the pathogen. Too little is known of the processes involved in the development 
of new races of P. infestans and of the chances that such strains can maintain them- 
selves and, ultimately, cause severe epidemics. Therefore we have to try and formulate 
some working hypothesis. As the chances of getting sufficient data to judge all the 
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questions in the near future are very small, I think it is opportune and useful to write 
down my reflections now. 

Consequently this treatise is tentative only and it should stimulate further discus- 
sion. At many points I have had to make suppositions and I followed only those that 
seemed to me to be the most obvious ones. 

Such a method is, of course, very much open to criticism but the alternative, wor- 
king out every possibility, would need much more space than is available in Euphytica. 
In addition it might be very confusing at the present state of our knowledge. Not 
least, this publication may contribute to the realization of the gaps in our knowledge 
and may stimulate the specialists, phytopathologists and geneticists to fill up these 
gaps, constantly keeping in mind the general aspects of the problem. 


2. HYPERSENSITIVITY VERSUS FIELD RESISTANCE 


In view of the above mentioned difficulties some breeders are now of opinion that 
breeding for hypersensitivity should be abandoned, or at least that a return should 
be made to breeding for field resistance. According to them this latter kind of resist- 
ance should be stable, and therefore its use should be more promising than that of the 
R-genes from S. demissum. 

There is indeed a very wide range in susceptibility among the common potato 
varieties. But unfortunately there is also an undeniably close positive correlation be- 
tween the length of the vegetation period and the degree of resistance. Although the 
breeding for field resistance has been pursued for over a century, and innumerable 
seedlings have been tested, no highly resistant first-early or second-early varieties. 
have come to the fore }). 

The presence of R-genes, however, does not impede the expression of earliness, and 
thus the use of these genes seems to afford a means by which this character can be 
combined with a high degree of resistance. 

The alleged stability of field resistance is open to question. The old variety Cham- 
pion that came into cultivation around 1879 in Ireland because of its high resistance, 
gradually lost this power of resistance in subsequent years. In 1921 PETHYBRIDGE (9), 
who had made an extensive study to the varietal incidence of blight in Ireland for a 
number of years, remarked that ‘““Nowadays, probably, it would be difficult to find 
a variety which is more susceptible to blight”. PETHYBRIDGE does not believe “that 
the loss of resistance is due to infection with the so-called virus diseases such as mosaic 
and leaf roll, nor does it seem probable that it can be due to an increase of virulence. 
on the part of the parasitic fungus’. 

However, DAVIDSON (2) ascribes the loss of resistance to degeneration through virus 
infection. He succeeded in selecting virus-free stock seed and a field of Champion 
planted with this healthy seed in Donegal showed the original high resistance. 

1) At the time the manuscript of this paper was finished a publication of FRANDSEN (4) came to. 
my notice in which he stated that the early clone 49 563/13 shows a high degree of field resistance. 
Leaves of this material were put at my disposal in the beginning of July. The results of a pre- 
liminary test indicate the possible presence of the gene Rs. 

The fact that in the field the first lesions were observed in the beginning of September (1955) is well 


in line with the presence of Rs, as the appropriate pathogenic race of the fungus develops only late 
in the season. Further experiments are needed to get more convincing evidence. 
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Whether from this work the conclusion has to be drawn that the Champion-variety 
lost its resistance from degeneration seems to me to be open to question. According to 
MÜrreEr and Munro (7) observations on field crops of potatoes suggest that blight 
develops less rapidly when the plants are virus-infected than when they are not. In 
experiments they proved that the reduced blight development on leaves infected with 
virus X or virus Y is partially caused by an increase of resistance to infection. In ad- 
dition virus infection alters the nutritional status of the leaves to one less favourable 
for the development of P. infestans. 

At present losses caused by blight in the variety Voran are also gradually increasing. 
Since 1940 this variety has been more and more extensively grown in the reclaimed 
peat districts of the Northern part of the Netherlands. In this district the tubers espe- 
cially are heavily attacked now, whereas ín the beginning a blighted tuber was excep- 
tional. As the Voran crop is of a high standard of healthiness, degeneration by virus 
diseases cannot explain the increased susceptibility in this case. 

There may thus be a partial decline of the original field resistance. In principle, 
the causes of this adaptation to field resistance may not differ from those of the adap- 
tation to hypersensitivity. 


3. THE ORIGIN OF NEW PHYSIOLOGIC RACES IN PHYTOPHTHORA INFESTANS 


During the last twenty years there have been many genetical studies of fungi and 
other lower organisms. The results of this work have shown that, as among higher 
organisms, every species displays a large genetical variation, initiated originally by 
gene mutation. 

An imposing mass of evidence is available to prove that these mutations are not 
directional and that only those among them which offer the organism particular 
chances of competition can maintain themselves in the population. 

From the indications of all this work it may safely be assumed that a population of 
sporangia, or, if sporulation has not yet taken place, of nuclei of P. infestans, comprise 
many different genotypes. In such a population all kinds of gene mutations must be 
constantly arising, and among them there will be some rare ones that enable the fungus 
to attack potato varieties previously hypersensitive, or to cause increased damage on 
varieties previously having a high degree of field resistance. 

The question now arises whether the value of the resistance of the variety to the 
original population of the fungus is completely lost in potato-growing practice, as soon 
as the new race has appeared. This need not be so, for the new strain must not 
only be able to grow in the tissues of the leaves; it must also be able to withstand all 
sorts of unfavourable circumstances during the period that its principal substrate, the 
foliage, is not present. The fungus has to survive, and if the new race does not 
succeed in doing this, it must originate anew every year from a population of other 
genotypes that were not eliminated. 

The population of the new race has developed from one or at most only a few 
mutant swarmspores. Its genetic variability and consequently its general adaptibility 
to changing conditions will at first be small, as compared with those of the original 
population, and it will be at a very real disadvantage, for example, at the change result- 
ing from harvest of the potato crop. The problem of the significance of newly-arising 
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races of the parasite has to be considered in relation to the total biology of the 
species. In this connection not only has the foliage-resistance of the host to be taken 
into account, but also the resistance of the tubers. The composition of the potato crop 
according to varieties, and the frequency of cropping are also relevant factors. 


4. BIOLOGY AND ADAPTABILITY OF PHYTOPHTHORA INFESTANS 


The fungus reaches its population-peak during severe epidemics in the summer, 
when it flourishes in the leaves. At harvest the potato foliage is destroyed and, though 
the fungus may live saprophytically in the soil and may even overwinter in this sub- 
strate, there is no completely convincing evidence of its spread from the soil to the 
crop in the following summer. 

The work of VAN DER ZAAG (11) has clearly shown that in the spring the fungus 
develops from mycelium that has survived in a few infected seed potatoes during the 
winter. On thorough and careful inspection VAN DER ZAAG found only a very small 
percentage of the seed tubers with slight infection, and an overwhelming majority 
even of these infected tubers produced healthy shoots only. It is only in exceptional 
cases that there is enough living mycelium left in the tuber to infect a shoot, and it is 
from such few infected shoots that the fungus spreads into the field, and may thus 
ultimately cause an epidemic. 

In the early potato districts of Holland the first primary foci appear in May, and 
the spread of the infection is slow, as micro-climatic conditions are then very unfa- 
vourable. At first the new infections are restricted to the stems, often in the region of 
the leaf-axils, but as the crop closes more and more lesions appear on the lower leaves. 
The infection may remain slight for a considerable time, but the occurrence of favour- 
able humidity and temperature conditions can then give rise to rapid epidemic spread. 

VAN DER ZAAG found only about one focus of infection per 80 hectares in the very 
susceptible variety Eersteling (Duke of York) grown very intensively in the northern 
part of the province of North Holland. In the fields of the highly resistant varieties 
Voran and Noordeling such foci are rarely found at all. Although they may occur, 
and there may be some spread from them, it would appear that the great mass of the 
sporangia infecting the foliage of these resistant varieties have their origin on the early 
susceptible varieties grown in the same area. 

From these epidemiological studies it is apparent that the variation in size of the 
population of P. infestans in the course of the year is extremely wide. Although it is 
impossible to estimate the real numerical range of this variation its magnitude can 
easily be demonstrated. 

At planting time the size of the population is at its minimum and the only active 
mycelium left is a small quantity in one seed potato out of 3,200,000 (80 ha). From 
this small quantity a severe epidemic can develop over at least 80 ha. If during such 
an epidemic about a hundred of lesions per plant develop on an average, and each 
lesion produces a hundred times as many nuclei as there were present in the original 
mycelium in the spring, then the population of nuclei would be increased some thirty- 
thousand-million times. In fact, of course, the increase is much greater still as the 
epidemic would spread not only over the 80 ha of the susceptible variety but also over 
less susceptible varieties grown in the neighbourhood. 
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In the course of the year, and even while the potato plants are growing in the field, 
the population of the fungus has to cope with extremely varying ecological conditions. 
By the time the fungus has reached its greatest development on the foliage one may 
suppose that the composition of the population has reached a certain degree of adapta- 
tion to the conditions prevailing in and on the leaves. The swarmspores of this popula- 
tion have to infect the tubers, and as these organs differ so widely from the foliage, 
there is no guarantee at all that the population adapted to the leaves will be by any 
means equally adapted for tuber infection. There is no doubt that during the process 
of invasion of the tubers a severe selection will take place. And once the fungus has 
penetrated into the tubers it has still to cope with a situation demanding other poten- 
tialities, so that a further rigorous process of selection may be expected to occur. 

Finally there are the conditions in the potato tissue during storage, and these may 
be still more selective as most of the mycelium dies during the winter. 

During the winter nuclei may be selected containing genes which confer a special 
degree of resistance to adverse conditions in the tubers. Such nuclei, however, may 
be at a disadvantage when confronted with conditions favouring development during 
spring and summer. 

Although this survey of the difficulties confronting the fungus-population is cer- 
tainly not complete, it is perhaps sufficient to indicate the complexity of the process of 
“adaptation”. Rigorous selection must occur at many stages, and the selection will 
often be in conflicting directions. If a mutant occurs which succeeds in making head- 
way on a resistant variety during an epidemic, there is no guarantee that this mutant 
will be able to maintain itself at the same level in the tubers, and, indeed, not a single 
nucleus containing the mutant gene may be left by planting time. 

Consideration of these difficulties, and of the extreme yearly reduction in the size of 
the fungus-population, introducing the effect of pure chance into the survival of mu- 
tants (genetic drift), justifies the supposition that even for such an organism as P. in- 
festans with its almost unlimited reproductive capacity, it may be difficult to attain 
adaptation to the host plant throughout its complete cycle of growth. 

It is interesting to speculate, in the light of such reasoning, upon the possibility of 
the fungus developing populations capable of causing severe epidemics in R-varieties 
and in varieties with a high degree of field resistance. 


5. ADAPTATION OF THE FUNGUS TO POTATO VARIETIES CONTAINING R-GENES 


Experience has shown that most of the potato material containing R-genes has 
eventually become infected, if only late in the season or to a limited extent. According 
to the above reasoning severe epidemics may be expected only if the R-variety is 
predominant in the potato cultivations over a large area, and if it is highly susceptible 
to the new race in its tubers and can therefore develop its own foci. If these con- 
ditions are not realized the new strain must arise anew every year in the populations 
of the fungus on potato varieties which do not contain R-genes. 

For further reasoning it is convenient to have some conception of the genetical back- 
ground of the pathogenicity of the fungus. This cannot be obtained from genetical ex- 
periments as in P. infestans artificial crosses cannot be made. However a tentative hypo- 
thesis can be put forward, in the hope that its consequences may be tested in future. 
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One is not entirely without clues for the formulation of such a hypothesis. In the 
first place we can assume that the general results of genetical studies on such fungi as 
Neurospora, Penicillium and yeasts will also hold true for P. infestans. Secondly, we 
know that starting from a single swarmspore, strains of varying pathogenicity can be 
obtained. And finally we are in possession of facts concerning the genetics of resistance 
of the host plant. 

The facts can be interpreted in several ways, but I will confine myself to one hypothe- 
sis, that seems the most obvious to me and that is developed underneath. Of course I 
do not claim by any means than it is the truth. 

By the elaborate studies of BLACK (1) and MASTENBROEK (6) the existence of four 
genes for resistance in the host plant, namely R‚, Rs, R3 and R,, has so far been firmly 
established. This means that 16 combinations are possible: four with a single domi- 
nant gene, six with combinations of two, four with three dominant genes, as well as the 
fully recessive genotype and the combination of all four dominants. In addition these 
genes can occur in simplex, duplex, triplex and quadruplex condition. 

In P. infestans, five groups of strains have been found: 


a. strains which can attack only fully recessive plants, with no R-genes. The popula- 
tion of the fungus occurring in the field consists mainly of this type. 

strains which can only attack plants with no more than one R-gene. 

strains which can attack only plants with no more than two different R-genes. 
strains which can attack only plants with at the utmost three different R-genes. 
strains which can attack all gene combinations. 


DEE 


With the aid of the available 16 genotypes of the host, 16 different strains of the 
fungus can be distinguished; and it seems that all of them have been found. 

By analogy with the findings on the genetics of pathogenicity of rust in flax, it is 
fair to assume that each of the resistance genes in the plant is counteracted by a patho- 
genicity-gene of the fungus. Assuming that the nuclei in general are haploid, the geno- 
type p‚ of the fungus can attack the R‚ plant; p‚ can attack R,; p; ps attacks the 
genotypes R‚, R‚ and R‚ R, and so on. According to this conception we need four 
different p-genes, located at different places in the genome. For every p-gene we can 
assume an inactive o-allele, so that the genotype that can only attack R,‚ can be repre- 
sented as p,020304. The fungus that can only attack fully recessive plants could then 
be represented by 0,030304. For the sake of convenience it is sufficient to indicate only 
the p-alleles, and to use o to represent 0,030304. 

The question of the origin of the several races of P. infestans has thus been 
reduced to the question of the origin of the different p-genes and their combinations. 
Genetical studies in Neurospora, Penicillium and yeasts have clearly shown that in 
these fungi new properties frequently originate by gene mutations. The work done on 
these species has mainly concerned the effect of nutritional deficiencies, and it has 
been definitely established that ability to grow on substrates lacking certain amino- 
acids depends on special genes. It has also been proved that these mutations arise 
independently of the environment. The milieu only selects from what is produced by 
spontaneous variation. By lack of direct evidence it is fair to suppose that the p-genes 
also arise by mutation. In a way they are also genes governing nutritional processes. 

During a potato blight epidemic in a common fully-recessive variety the overwhel- 
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ming majority of the sporangia will be of the o-genotype. Apart from selective influen- 
ces and genetical drift, the frequency of occurrence of sporangia carrying a p-gene 
depends on the frequency of the o>p mutation. From the data on the frequency of 
mutations with other fungi, this can be estimated to vary from about 1 in 10* to 1 in 106. 

Such mutant sporangia can cause lesions on the leaves of an R-variety, and wheth- 
er they will have the opportunity to do so depends upon the density of the suspension 
of sporangia in the air and on the total leaf area of the R-variety. The density of the 
above suspension depends on the intensity of the production of sporangia and on the 
direction and the force of air currents. 

GREGORY (5) and WAGGONER (10) submitted the data on the spread of P. infestans 
from a point focus to a mathematical treatment. From their studies it appears that 
the spread of the disease from such a focus makes a hollow curve and they conclude 
that the number of sporangia in a certain volume of air diminishes very rapidly with 
the distance from the source. 

GREGORY found after a favourable spell of wheather about three lesions per plant 
at a distance of 30 m downwind from a small group of heavily infected plants, at 
60 m only one lesion occurred per plant, at 100 m one on two plants and at 200 m 
only one lesion on 50 plants. WAGGONER working with a smaller focus than GREGORY 
hardly found any lesions at a distance of more than 3 m. Whatever the case may be 
it is obvious that the disease gradient is very steep. 

The incidence of the initial occurrence of the disease in a susceptible variety reflects 
this situation. In the beginning there are on the one side heavily attacked patches 
around a primary focus and on the other side areas without such foci where a small 
number of lesions is evenly scattered over the fields. In the latter case each lesion is a 
secondary focus and within a short time all the plants are more or less infected accord- 
ing to the degree of field resistance of the variety and possibly of the agressivity of 
the population of the parasite. 

In the practice of planting an R-variety in the beginning the situation is realized 
where a field without any lesions is surrounded by fields that are more or less attacked 
at a distance of for instance 100 m on an average. Such a situation is never realized 
for susceptible varieties and it has never been made artificially. Therefore we cannot 
know the density of the suspension of sporangia drifting over the supposed field of 
the R-variety by experience. However, it is possible to make some very approximate 
calculations on the base of the data given by the above authors. 

For the case that one ha of a very susceptible variety free from attack occurs at a 
distance of 100 m downwind of a source of the same surface, the outcome of such a 
calculation is, that during a favourable period of some days, on an average six lesions 
per plant may appear, meaning 240,000 successful infections per ha. 

If the frequency of the o>p mutation amounts to one in 10°, after some days one 
lesion on 4 ha of an R-variety should occur, at least if this variety is very susceptible 
to the p-strain. If the epidemic is of long duration of course much more lesions may 
occur and under favourable circumstances the initial p-lesions ultimately may cause a 
severe epidemic in the R-variety. 

If the R-variety contains not one but two or even more different R-genes, then we 
have to consider the probability of the occurrence of two or more presumably indepen- 
dent mutations, and the frequency of such mutants in the population becomes very 
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much less. Accepting the single mutation ratios as above, the double mutation ratios 
_ should be about 1:108 or 1: 102. It is obvious therefore that the chances of an R‚Ro 
variety becoming infected are far less than those of an R,‚ or an R‚ variety. 

Once a mutant p‚ population has established itself on the R‚ variety, the p‚ p‚ strain 
of the fungus can develop more easily on the R‚R}, variety, and its appearance depends 
on the area and extent of infection of the neighbouring R, potato variety and upon its 
own area. 

As mentioned in the introduction there is not much available evidence concerning 
these matters. At the present time all the established R-varieties derived from S. demis- 
sum carry one R-gene only. Nearly all of the German and American varieties originate 
from the W-material bred by BRIOLI and K. O. MÜrrer and carry the gene R, as is 
the case with the newly introduced Dutch variety Rival. The Scottish varieties Orion, 
Craigs Bounty and Craigs Snowwhite and the Dutch variety Tedria also contain Ri, 
but they are not derived from the German material. The Scottish variety Pentland Ace 
carries the gene R} and the German variety Vertifolia also. Detailed results on the 
way these varieties are attacked in the field have not been published. 

During the severe blight epidemic of the summer 1956 it was possible to follow the 
development of blight attack in some R,, Ry and R‚R3 seedling-varieties. These seed- 
lings occurred among many recessive ones on a great number of observation fields of 
the Institute for Research on Varieties of Field Crops. Five of them were of the R, 
type, three contained the gene R3 and in two of them the genes R,‚ and R3 were com- 
bined. In addition data were collected on the incidence of blight attack in our breeding 
plots at Wageningen and the Professor Broekema farm in the N. E. Polder. 

From these observations it was apparent that: 


1° the material only containing the gene R‚ was attacked first. Lesions appeared two 
or three weeks after a severe epidemic on the common varieties had developed. 
The R-seedlings everywhere remained free from attack until two or three weeks 
after the first lesions on R‚-material were discovered. On leaves of R‚R3-plants only 
some few lesions have been discovered in the end of September. Common varieties 
were already heavily damaged in the middle of July, infection of the R‚ material 
started in the beginning of August and on the R;-plants the first lesions appeared 
in the second half of August. 

2° the time of appearance of new races is very much a function of the number of 
p-genotypes occurring in the cloud of sporangia drifting over the field. In plots 
layed out adjoining to a large field of the very susceptible variety Bintje, lesions on 
R-material did occur much earlier than in trial plots far from other potato fields. 
Apparently p‚ is much more frequent than pz. Sporangia of the pp; genotype are 
so rare that they hardly did cause any lesion and only very late in the season. 
Spraying with copper delayed very much the attack of the R-seedlings. 

3” once the barrier of the R-gene broken by the new strain, great differences appeared 
as concerns the field resistance of the different seedlings with the same R-gene. 

4° there seems to be as close a positive correlation between field resistance and earliness 
as found with the common population of the fungus, the first lesions always oc- 
curring in early seedlings. 


These observations support the assumption that mutant spores capable or infecting 
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single-R potato varieties are much more frequent than those able to attack clones with 
more than one R-gene. 

The very way in which the new races of the fungus were found by BLACK and 
MASTENBROEK points in the same direction. They first isolated single-p strains, 
and then later double and triple races on the more complicated R-varieties. 

Both breeders started their programmes with a line of S. demissum containing at 
least four different R-genes. This material was crossed and repeatedly back-crossed to 
S. tuberosum. In the course of this work the average number of R-genes in the consecu- 
tive backcross generations decreased rapidly, especially as the seedlings were tested 
with the common o-population of the fungus in the beginning. 

This decline can be demonstrated by considering what happens when one starts 
with a backecross seedling containing all four R-genes in simplex condition. Such a 
plant crossed with a fully recessive variety produces an F, generation in which 26.7 % 
of the seedlings resistant to the common o-population of the parasite contain one 
R-gene only. If all the resistant seedlings are again crossed with a fully recessive variety, 
62 out of 100 of the resulting resistant seedlings will have one R-gene; and from a 
second backcross the proportion will be 81 out of 100. 

By the time the first new races of P. infestans were discovered, the majority of 
seedlings and seedling-clones had already one R-gene only. If there had been no 
difference in the frequency of occurrence of single and more complicated p-types of the 
fungus, these races would have been isolated from the start, as they may be as 
pathogenic as the single-p types for the single-R varieties. Indeed a p;p; strain has 
more than a double chance of coming to the fore, as it can attack not only R,‚ plants 
and R, plants, but also R‚R, plants; p; psp3 and p‚p>p3p4 should have even better 
opportunities. 


If the above working hypothesis is valid there is a danger in planting varieties with 
different numbers of R-genes near to each other. On a single-R variety a single-p fungus 
may cause a severe epidemic and among the sporangia of this type a sufficient number of 
double-p sporangia may emerge to cause infection in the double-R-variety, and so on. 

Theoretically the best policy would be not to allow single-R varieties to be intro- 
duced into commercial cultivation, but to wait until double-R varieties (R‚R‚) are 
available, or, even better, until good varieties are bred containing three different R- 
genes. Such a regulation would certainly meet with strong opposition, and it cannot 
be regarded as practicable. 

On page 222 of this paper mention has been made of the close positive correlation 
between length of the vegetation period and degree of field resistance. If this correla- 
tion also exists in the R-varieties, and it seems to do so, early R‚ clones must be very 
susceptible to the appropriate p-strain of the fungus and for that reason are much more 
dangerous for the R‚ R‚ varieties than the late ones. On such early R‚ seedlings, how- 
ever, the chance of the development of a p-epidemic is much iess than on a late R-seed- 
ling, as the early varieties are usually lifted before an epidemic can develop, Though 
the early R‚-seedlings were attacked quite seriously in 1956, on early Rz-material no 
lesions could be observed at harvest time on the same field. As the early R‚-clones are 
much more susceptible, the spread of the fungus from a first lesion may be rapid. The 
tubers may also be attacked and give rise to foci of the p-race in succeeding crops. 
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There are so many conflicting considerations that at the present time it is difficult 
to reach at any clear-cut decision on the policy of introducing single-R varieties into 
cultivation. Even so, much must depend upon the climate of the regions where these 
varieties are to be planted. In regions where the climate is even more favourable for 
blight than in Holland it may be necessary to be more exacting. 


So far in this paper the importance of the number of different R-genes has been 
stressed and no mention has been made of the fact that, according to the tetraploid 
inheritance, each R-gene may occur once (simplex), twice (duplex), three times (tri- 
plex), or four times (quadruplex). Until recently vo was known with certainty 
concerning the effect of the extra R-genes. 

Some purely phytopathological work in this ais on was done by miss FERRIS (3). 
She studied the reaction of a simplex and a duplex R,‚ plant to infection with a p, 
strain of the parasite. From her studies of these two plants she concluded that “the 
presence of the second R,‚ gene in the plants resulted in the development of a milieu 
unfavorable for the growth of a race of the fungus able to develop extensively in plants 
that contain only one of the R‚ genes. This race, however, appeared to be less sensitive 
to the effects of the second gene than is a nonpathogenic race to the effects of a single 
resistance gene. The pathogen survived for a longer time in the duplex plants than is 
usual for nonpathogenic races in resistant plants.” 

Further studies are needed to obtain more convincing data as it is questionable 
whether the two plants were comparable. The duplex plant may have contained more 
genes for field resistance than the simplex one. These extra genes very well can explain 
the difference in reaction of both plants. For the presence of a varying number of 
minor genes governing the degree of field resistance it may be very difficult to study 
the effect of an extra R-gene. 


6. ADAPTATION OF THE FUNGUS TO POTATO VARIETIES WITH A HIGH DEGREE OF FIELD 
RESISTANCE 


As with the hypersensitivity, field resistance is governed by genes, though probably by 
a far greater number, each with a far smaller effect. In the face of a greater number of 
genes it will be more difficult for the population of the fungus to break down this kind 
of resistance and in fact this process may take place gradually and may last so long, 
that it can be observed only over a long period of years and easily escape observation. 

The gradual decline of resistance of the old variety Champion and the recent case 
of Voran have already been mentioned and it is worth considering the chances of 
P. infestans to adapt itself to a certain degree of field resistance, though essentially the 
same questions arise as have been treated above. In particular the composition of the 
erop as concerns varieties, its changes and the resistance of the tubers are of interest. 

In most regions the potato crop consists of many varieties and as already stated the 
population of the parasite mainly starts its development on varieties of which the 
tubers and the foliage are highly susceptible. The bulk of the sporangia causing an 
epidemic on more resistant varieties derive from the foliage of the most susceptible 
ones. The parasite also overwinters in the tubers of the latter varieties. For these 
reasons the process of adaptation to a highly resistant variety probably is prevented 
or at least retarded by the presence of highly susceptible ones in the near surroundings. 
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Such a situation developed soon after the introduction of the Champion-variety in 
Ireland which was raised by JOHN NicHor in Scotland and introduced in Ireland between 
1877 and 1880. It encountered the severe blight epidemic of 1879 and its high degree 
of resistance marked it out as a most valuable addition to the varieties then in use. 
A large quantity of seed was imported from Scotland by State aid in the spring of 
1880, so that in that year the area planted with this variety was said to occupy 27 per- 
cent of the total acreage (— 221,000 acres). 

According to Agricultural Statistics of Ireland for 1879-1917, the Champion-variety 
covered 60 % of the potato area in 1881, 70 % in 1882 and 80 % from 1882 until 1894. 
After this year the acreage gradually declined to 22 % in 1926. From 1880 until 1900 
in many regions this variety must have been the only one planted and consequently 
the conditions were fulfilled to allow the gradual adaptation of the population of the 
parasite. 

Of course this adaptation disappeared along with its gradual replacement by other 
varieties such as Abundance und Up to Date and it is not surprising that in 1928 
DAVIDSON found his field of virusfree Champion potatoes to be highly resistant in 
Donegal. At that time the Champion-variety was no more of common occurrence in 
the Northern Districts of Ireland and consequently the Phytophthora population was 
adapted to other varieties or at least no more adapted to Champion. That Champion, 
recently planted ín Cornwall, also appeared to be highly resistant °) stands to reason. 

The conclusion of DAVIDSON viz. that the decline of resistance of Champion is 
caused by degeneration of the variety therefore is not compelling and the discrepancy 
between the statement of PETHYBRIDGE and DAVIDSON’ results might be solved in this 
way. 

The history of Voran in the reclaimed peat districts in the northern provinces of the 
Netherlands also is very instructive in this respect. 

In figure l a diagram is given showing the dynamics of the assortment of varieties 
in that district from 1938 on. In 1938 the main varieties in this region were Eigeuhei- 
mer, which is highly susceptible and Thorbecke which is rather resistant. Both varieties 
are susceptible to wart disease and around 1940, at the time good varieties resistant 
to the latter disease were available, the planting of both varieties was prohibited. Of 
the resistant varieties, Voran grew very popular and within a few years it covered 
nearly 80 % of the total area of around 40,000 ha. planted with potatoes in a region 
measuring about 1,600 km.? (80 km. long and —+ 20 km. wide). 

In the beginning Voran appeared to be highly resistant to Phytophthora and for 
several years blight was never seen in the tubers. As already stated this original resist- 
ance gradually declined and especially the tubers were severely attacked in the last 
two years. The situation is best illustrated by the fact that of recent years more and 
more farmers start spraying their potato fields. 

These events can be explained in the following way. In the beginning Voran was 
grown on a small acreage only and mostly quite near to some field of the highly suscep- 
tible variety Eigenheimer. However, from 1940 on the acreage planted to Eigenheimer 
gradually decreased and in 1945 this variety had disappeared from the reclaimed peat 
districts. 


?) Personal communication of Mr. E. C. LARGE. 
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From 1945 on the only varieties planted in these districts were Voran, Ultimus, 
Record, Noordeling and Libertas, all having a high degree of field resistance in the 
foliage as well as in the tubers. The Voran variety was planted to an ever growing 
acreage and it must have been in the large area of this variety that some primary foci 
appeared. 

Although Eigenheimer and some other very susceptible varieties still are grown to 
quite an extent in the adjoining districts and their sporangia certainly are driven into 
the Voran regions by western winds, the average distance from a field of Eigenheimer 
is so great that a rare focus in Voran now has a chance to furnish the majority of 
sporangia infecting its near surroundings and consequently since 1945 an adaptation — 
of the parasite to the Voran variety has had a chance to come to the fore. 

It seems that especially the tubers have been increasingly attacked in later years, 
indicating that the adaptation especially concerns these parts of the plant. As the 
frequency of occurrence of foci depends very much on the degree of susceptibility of the 
tubers, an adaptation of the parasite to the resistance of the tuber allows it a reason- 
able chance to overwinter and to spread in the fields of Voran in consecutive years. 
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7. THE RESISTANCE OF THE TUBER IN CONNECTION WITH THE EPIDEMIOLOGY 


From the above considerations it is apparent, that the degree of resistance of the 
tuber is of great importance for the epidemiology of blight attack. Ultimately the 
problem seems to come down to the question how many plants are infected in spring 
by living mycelium that survives the adverse conditions during storage and is left in 
the seed that is planted out. 

One is inclined to suppose that in tubers of susceptible varieties more living my- 
celium is left after storage than in tubers of more resistant ones. However, this need 
not be so as the conditions under which the fungus is dying off during storage are very 
different from those prevailing during the development of the parasite in the tuber 
before harvest time. It is very well possible that slowly developing mycelium in a higly 
resistant tuber can stand storage better than the proliferous growing fungal tissue in a 
susceptible one. 

There are other points coming to the fore when speculating upon the possibilities of 
the development of sporangia on a shoot from the rests of living mycelium present in 
the seed in spring. Suppose there is no difference between the quantity of living my- 
celium between tubers of susceptible and resistant varieties, then the fungus in the 
latter tubers will have less chance to grow towards the developing eye than in a 
susceptible tuber or at least it needs more time to do so. Once having reached the basis 
of the shoot the resistance of this organ and of the leaves comes into the picture and 
it may be supposed that the chances of development of the fungus in the tuber and in 
the above-ground parts of the plants are different. Some years ago an extreme case 
was observed that illustrates what may happen. 

When inspecting a field for virus infection in mid-June we came across a plant that 
showed several shoots with dead tips. As it appeared that the seed-tuber was infected 
by P. infestans it was supposed that the young shoots were killed by this parasite. 
However, no sporangia could be observed and under moist conditions in petri dishes 
there was no development of sporangia either. 

The plant at which the observations were made contained the R3-gene and when it 
appeared later on that the tubers of most of the Rj-seedlings were quite susceptible 
for the o-race of the fungus the following explanation presented itself. Apparently the 
tuber was attacked by the o-strain that made headway towards the developing eye. 
However, when entering the tissue of the shoot the R3-gene came into action and 
killed the fungus as well as its own tissue. Such reactions are very well known from 
virus studies when grafting a hypersensitive scion on to a carrier stock. lt is a pity that 
this was the only case we met so far and therefore it was impossible to study this 
question in more detail to prove the correctness of the above explanation. 

It is obvious that differences between the susceptibility of the tubers and the foliage 
can greatly influence the development of epidemics in a given variety. As in this res- 
pect there is such a lack of knowledge which in principle is not difficult to obtain, it 
is preferable to await the results of further combined genetical and phytopathological 
research before going on speculating. 
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8. THE BEARING OF THE ABOVE REFLECTIONS ON THE BREEDING FOR RESISTANCE TO 
P. INFESTANS 


The above studies have been made in order to get a more clear conception of how 
to proceed with the breeding work. In the following 1 have tried to mention the main 
points in this connection. 


1. There is so close a correlation between the time of ripening and field resistance, 
that it seems impossible to combine earliness with a high degree of resistance. An 
analysis should be made of the heredity of both characters to know whether this 
correlation can be broken. On the basis of our present knowledge one is inclined to 
think that this correlation is mainly of a physiological nature. 

However, there is some room also for the supposition that there may occur genes 
in the widely varying group of cultivated and wild tuber-bearing species of the Andean 
region and in S. demissum that are independent of the time of ripening. A search for 
such genes should be made. 

2. The R-genes from S. demissum are more or less independent of those governing 
ripening time and field resistance. However, their effect is counteracted by the forma- 
tion of new pathogenic races of the fungus. Nevertheless these genes are of great 
importance as epidemics of the new strains only occur after the common population 
of sporangia has caused a severe epidemic in varieties not containing any R-gene. For 
this reason the breeding of first and second early R-varieties is more promising than 
that of late material. 

For early and second early material we should concentrate on the R-genes as a high 
degree of field resistance probably cannot be introduced in these varieties. For varieties 
with a later time of ripening field resistance offers great opportunities. However, we 
have to realize that the initial high degree of resistance may decline in the course of 
time, especially when the variety is planted over large areas. A combination of a high 
degree of field resistance with some R-genes may be very useful. The effect of one group 
of genes preventing the establishment of strains of the parasite pathogenic for the 
other. 

3. For the development and establishment of new strains, able to break down the 
field resistance, the varietal composition of the potato crop is of paramount impor- 
tance. A relatively small acreage of a very susceptible variety may prevent the adap- 
tation of the parasite to more resistant ones. Therefore care should be taken not 
to eliminate such susceptible varieties. As some of them are in very high esteem with 
the farmers and difficult to surpass in quality, they certainly will be planted in our 
potato regions for many years to come. Their fields should be distributed as evenly as 
possible over the whole area. 

4, A major factor in the development of epidemics is the ability of the fungus to 
survive in the seed during storage. If enough fungal tissue survives the parasite can 
grow into the young sprouts and produce sporangia. As a consequence a severe epi- 
demic can make headway early in the development of the variety if its foliage is sus- 
ceptible. 

Tuber resistance is of special value in early R-varieties, for, once the appropriate 
p-race of the parasite established, the variety is heavily damaged because of its low 


234 


ORIGIN OF NEW PHYSIOLOGIC RACES IN PHYTOPHTHORA INFESTANS 


degree of field resistance. Therefore special attention should be paid to the resistance 
of the tubers of R-varieties to the p-strain that can develop on their leaves. 

In common varieties there is quite a high positive correlation between the resistance 
of the tubers and of the leaves. However, the early varieties display enough variation 
to give room for the supposition that early material can be selected with such a degree 
of resistance in the tuber as is necessary to prevent the formation of foci starting from 
diseased seed. 

It is highly probable that such variation also exists in R-varieties and in addition 
the effect of an R-gene in the leaves may be qualitatively different from that in the 
tubers. 

It is obvious that a study of the resistance of the tuber is of prime importance. 

5. There are great differences in the frequency of the different p-mutants in the 
present population of sporangia. The mutant p‚ seems to be of common occurrence in 
Western Europe; p, is less frequent and pz seems to be very rare. About the mutant 
Pz we are not informed. Mutant sporangia with two or more different p-genes only 
appear very late in the season and to all appearances their frequency may be estimated 
to be the product of the occurrence of both genes separately. 

For the time being we should therefore concentrate on breeding varieties with two. 
different R-genes at least, one of them being R3. The gene R‚ seems to be of no value 
at all. 
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SAMENVATTING 


Bespiegelingen over het ontstaan van nieuwe physio’s van Phytophthora infestans 
en het kweken op resistentie van aardappelen 


Het veelvuldig optreden van nieuwe physio’s van Phytophthora infestans op oor- 
spronkelijk resistente rassen, welke door herhaalde terugkruising van $. demissum met 
aardappelrassen werden verkregen, heeft twijfel gewekt ten aanzien van de waarde 
van de R-genen. NIEDERHAUSER (8) vond in de Toluca vallei (Mexico), waar S. demis- 
sum veelvuldig als onkruid voorkomt, geen enkele plant van deze soort die niet door 
één of ander plaatselijk ras van P. infestans kon worden aangetast. 

Onder de indruk van deze bevindingen is de aandacht weer gevestigd op de betekenis 
van de vele erffaktoren, welke, elk met een gering effect, samen de verschillen in weer- 
stand binnen het rassensortiment van de aardappel bepalen. Deze eigenschap zal in 
het volgende „„veldresistentie’”’®) worden genoemd; voor het effect van de R-genen van 
S. demissum zal de term “overgevoeligheidsresistentie”” worden gebruikt. 


3) De terminologie levert enige moeilijkheden en bevredigt niet geheel. In het Duits wordt het 
woord “Inkubationsresistenz”’ gebruikt. Tegen dit woord is aan te voeren dat het een oorzaak aan-. 
geeft en het is zeker niet zo, dat de veldresistentie alleen wordt veroorzaakt door verschillen in incu- 
batietijd van de parasiet; integendeel, de infectiekansen en de mate van sporulatie zijn minstens even 
belangrijk. In de Engelse taal wordt het woord “field resistance” gebruikt. Deze term wil alleen maar 
tot uitdrukking brengen, dat het gewas te velde meer of minder weerstand biedt aan aantasting en 
laat de oorzaken geheel buiten beschouwing. Daarom valt er veel te zeggen voor het woord veld- 
resistentie, hoewel daaronder eigenlijk ook de overgevoeligheidsresistentie valt. 
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Er zijn aanwijzingen dat de graad van veldresistentie van een ras in de loop der tijd 
kan veranderen, dat derhalve de parasiet zich ook aan de veldresistentie kan aanpas- 
sen. De oorspronkelijke veldresistentie kan vrij sterk dalen, maar schijnt zich toch op 
een bepaald niveau te stabiliseren, dat bij de onderscheidene rassen zeer verschillend 
ligt. 

De veldresistentie is sterk gebonden aan de rijptijd, zodanig, dat het zeer moeilijk 
en wellicht onmogelijk is een vroeg of middenvroeg ras te kweken, dat een hoge graad 
van veldresistentie bezit. Overgevoeligheidsresistentie kan echter wel met vroegrijp- 
heid worden gecombineerd. Daar in Nederland veel aandacht aan het kweken van 
vroege en middenvroege rassen wordt besteed, is men wel gedwongen gebruik te ma- 
ken van de R-genen. 

Beschouwingen zijn gegeven over de betekenis van het optreden van telkens nieuwe 
physio’s en over de mate waarin dit optreden af breuk doet aan de waarde van de reeds 
gekweekte en nog te kweken resistente rassen. Het gaat daarbij vooral om de vraag 
òf en onder welke omstandigheden de optredende nieuwe physio’s een ernstige epide- 
mie kunnen veroorzaken en welke de kansen zijn, dat ze overwinteren en door de 
jaren heen vaste voet in de aanplant kunnen verkrijgen. In deze samenhang is het van 
belang inzicht te verkrijgen, enerzijds in de ecologie van de parasiet en in de oorzaken 
van het ontstaan van nieuwe rassen en anderzijds in de betekenis van de wisselingen 
in het rassensortiment. Vooral ook moet de resistentie van de knol in dit bestel van veel 
belang worden geacht, omdat de parasiet in de knol overwintert. 

Voor de praktijk van het kweekwerk kunnen de resultaten van de overwegingen op 
de boven aangeduide punten als volgt worden samengevat. 

1. Er moet onderzoek worden verricht om na te gaan of de nauwe samenhang tussen 
veldresistentie en rijptijd kan worden doorbroken. Waarschijnlijk is deze samenhang 
van physiologische aard en niet te breken, maar er kunnen misschien erffaktoren wor- 
den gevonden in de zeer variabele gekweekte en wilde soorten in Midden- en Zuid- 
Amerika, die evenals de R-genen geen invloed op de rijptijd hebben. Vooral is het van 
belang in dit onderzoek de wilde Mexicaanse soort S. demissum te betrekken, omdat 
deze soort sinds onheugelijke tijden in evenwicht met P. infestans heeft geleefd, waar- 
door allerlei erffaktoren die op de resistentie een gunstige invloed hebben een bijzon- 
dere kans kregen zich tijdens de evolutie van deze soort te handhaven en op te hopen. 

2. De R-genen voor overgevoeligheidsresistentie zijn van speciale betekenis voor 
het kweken van resistente vroege en middenvroege rassen. Het is namelijk gebleken, 
dat nieuwe physio’s pas optreden, nadat de gewone aardappelrassen reeds zwaar zijn 
aangetast. De rassen met de erffaktor R‚ worden gelijktijdig met die zonder R-genen 
aangetast. Dan volgen na omstreeks twee weken de rassen met R‚ (Aquila, Maritta en 
andere Duitse zgn. W-rassen), vervolgens weer twee tot drie weken later de rassen die 
R3 bevatten. Over Ry-rassen zijn geen ervaringen. Zijn er twee of drie verschillende 
R-genen aanwezig, dan treedt aantasting òf helemaal aan het eind van de groeiperiode 
op òf in het geheel niet. Het is derhalve aan te bevelen materiaal met twee of drie R- 
genen te kweken, waaronder Rs. 

3. De samenstelling van de aanplant naar ras is van veel belang voor de mogelijk- 
heid van de vorming van nieuwe physio’s. De resultaten van het onderzoek van VAN 
DER ZAAG (11) laten de conclusie toe, dat jaarlijks enkele zeldzame, van de poter uit 
geïnfecteerde, stengels van zeer vatbare rassen het uitgangspunt vormen voor de zich 
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over de andere rassen uitbreidende epidemie. Men kan vermoeden, dat deze gang van 
zaken een blijvende aanpassing van de parasiet aan de meer resistente rassen belem- 
mert of wellicht zelfs verhindert. Dit geldt zowel voor veldresistentie als voor over- 
gevoeligheidsresistentie. Men zou dus in de praktijk er voor moeten zorgen, dat regel- 
matig verspreid over het aardappelareaal enkele zeer vatbare rassen worden geplant. 
Daar er in het huidige rassensortiment een aantal zeer gewaardeerde zeer vatbare 
rassen voorkomen, die in kwaliteit niet gemakkelijk kunnen worden overtroffen, zal 
aan de zojuist genoemde voorwaarde nog wel vele jaren kunnen worden voldaan. 

4. Daar P. infestans voornamelijk en misschien zelfs uitsluitend in de knol kan over- 
winteren, is vooral de resistentie van de knol van grote betekenis voor de blijvende 
vestiging van nieuwe physio’s. 

Hoewel er een duidelijke positieve correlatie bestaat tussen resistentie van loof en 
knol, is de variatie van de knolresistentie onder de rassen welke zeer vatbaar zijn in het 
loof wel zo groot, dat met succes op knolresistentie in het vroege en middenvroege 
materiaal valt te selecteren. Wanneer de resistentie van de knol hoog is, zal een nieuw 
physio moeilijk kunnen overwinteren, tenzij natuurlijk de aanpassing betrekking heeft 
op de knolresistentie zelf. Indien er verlies van veldresistentie optreedt, is de kans 
groot, dat in eerste instantie de weerstand van de knol is verminderd, waardoor over- 
wintering mogelijk is. Het optreden van enkele van de knol uit aangetaste spruiten is 
dan vroeg in het jaar te verwachten. 

Na voorlopig onderzoek is gebleken, dat de aanwezigheid van een R-gen in de plant 
geen garantie is voor overgevoeligheidsresistentie in de knol. Er valt nog niet te over- 
zien, welk gebruik zal kunnen worden gemaakt van verschillen in. vatbaarheid van loof 
en knol bij de bestrijding van P. infestans door middel van veredelingswerk. 
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INTRODUCTION 


At our Institute a great many cherry seedlings are yearly grown from seed derived 
from crossings and open pollination in order to produce new varieties (3). For cros- 
sings in which early ripening varieties are used as seed parents, embryo cultures are 
vitally necessary for the production of seedlings. However, a number of plants thus 
grown show dwarfed growth. This is a phenomenon often described in the literature, 
but its exact cause is not known (1). A better knowledge of the influence of environ- 
mental factors on the growth and development of cherry seedlings might be of impor- 
tance in solving this problem. 

Moreover the fruit breeder is handicapped by the fact that his seedlings start fruiting 
only after a considerable length of time due to the existence of a juvenile phase i.e. the 
period between the germination of the seed and the moment at which flower initiation 
is possible. This phase might be shortened by using embryo-cultures (1), thus eliminat- 
ing the period of stratification, or by enabling the seedlings to complete more than 
one growth cycle per year (4, 5) or both. Here, too, it may be of importance to know 
the influence of environmental conditions. From the literature it is known that the 
photoperiod is an important factor in the annual cycle of growth in woody plants, 
but little is known about fruit-trees (8). Therefore experiments on the influence of the 
photoperiod on the growth and development of cherry seedlings were started. In this 
paper some of the results so far obtained will be reported and discussed. 


MATERIAL AND METHODS 


First- and second-year cherry seedlings of Limburgse Boskriek (P. avium L.) served 
as test plants. They were grown from seed supplied by the Netherlands General In- 
spection Service for Arboriculture (N.A.K.-B.). 

The experiments were carried out in the phytotron of our Institute. For details of 
the equipment the reader is referred to a paper by BRAAK and SMEETS (2). In all ex- 
periments the plants received every day 8 hrs. basic illumination consisting of daylight 
given in a glasshouse from 8 a.m. till 4 p.m. Next the plants, which were placed on 
trolleys, were moved to air-conditioned rooms where they were either placed in dark- 
ness or received additional illumination consisting of 8 or 16 hrs. incandescent light. 
At 8 a.m. the following morning the plants were transferred again to the glasshouse, 
and so on. The radiant energy of the additional incandescent light between 4,000 and 
7,200 Á at the tip of the plants was about 1,200 mW/m?. The plants were grown at 
a constant temperature of 20°C during day and night. In general the maximum 
deviation from the mean temperature was 1 °C in the glasshouse, 4°C in the air-con- 
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ditioned rooms. Only on exceptionally hot days did the temperature rise in the 20°C 
glasshouse to 25°C in the afternoon. 


EXPERIMENTAL RESULTS 


Effect of the photoperiod on first-year seedlings 

In a preliminary experiment the influence of 8 and 16-hr. photoperiods on the ces- 
sation of the shoot growth of first-year seedlings was studied. The seed was stratified on 
September 3, 1952, sown on December 2, 1952, in seed-trays which were placed in a 
coldhouse. The young seedlings were pricked off in pots on March 12, 1953. The experi- 
ments were started on March 30, 1953. 

It appeared that under an 8-hr. photoperiod shoot growth ceased in a number of 
plants at about the middle of June. At the end of June nearly all plants grown under 
an 8-hr. photoperiod had terminated growth. At about that time a number of plants 
grown under a 16-hr. photoperiod also ceased growth. However, some of these plants 
resumed growth after some time and terminated growth at the end of September, 
together with the plants that had been growing more or less continuously. 

The experiment was repeated in 1954. The seed was stratified on September 30, 
1953, and sown in seed-trays on December 29, 1953, which were placed in a coldhouse. 
The young seedlings were pricked off ín pots on April 2, 1954. The experiment was 
started on May 19, 1954. 

Table 1 shows that a large number of plants under both 8 and 16-hr. photoperiods 
ceased growth at the same time. However, some of the plants under an 8-hr. photope- 
riod ceased growth much sooner, while some of the plants under a 16-hr. photoperiod 
ceased growth considerably later. The latter consisted both of plants which grew more 
or less continuously and of plants which interrupted their growth for some time. 


TABLE 1. EFFECT OF AN 8 AND 16-HR. PHOTOPERIOD ON THE CESSATION OF SHOOT 
GROWTH IN FIRST-YEAR SEEDLINGS OF LIMBURGSE BOSKRIEK (P. avium L.) 


8-hr. photoperiod 16-hr. photoperiod 
Dates (40 plants) (37 plants) 
Ceased Not ceased Ceased Not ceased 

9,6. 54 5 35 — = 
24. 6. 54 9 31 — = 
DSN 15 25 13 24 
8.7. 54 26 14 25 12 
14. 7. 54 35 5 33 4 
2ITNSd: 40 — 34 3 
11.8. 54 40 — 33 4 
20. 8. 54 40 — 30 7 
14.9. 54 40 - 37 | — 


The growth of the plants throughout the experiment is shown in Fig. l, for both 8 and 
16-hr. photoperiods. It appears that among the plants grown in an 8-hr. photoperiod 
those which terminated growth much earlier than the remainder only grow little. 
Hence their final length differs but little from the length these plants had at the moment 
at which the experiment was started. The other plants grown in short days also grew 
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Fig. 1. THE COURSE OF GROWTH OF FIRST-YEAR SEEDLINGS OF LIMBURGSE BOSKRIEK (P. avium L.) UNDER 


8 AND 16-HR PHOTOPERIODS FROM THE BEGINNING OF THE EXPERIMENT UNTIL THE TERMINATION 
OF SHOOT GROWTH. PLANT NUMBERS ARE GIVEN BETWEEN BRACKETS 


little at first, but before terminating their growth they showed a period of fairly rapid 
development. The behaviour of the majority of the plants grown in a 16-hr. photoperiod 
was very similar to that of most of the plants grown in an 8-hr. photoperiod except that 
the initial growth of the former was more rapid. Lastly there are the plants that in a 16- 
hr. photoperiod terminate growth considerably later either by interrupting their growth 
for some time or by growing on more or less continuously. The course of growth of the 
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former during their first growing period shows much similarity to that of the majority 
of the plants grown in a 16-hr. photoperiod, whereas the course of growth of the latter 
only does so to a smaller extent. It should be noted that the total number of plants 
that interrupt their growth and of those which grow on more or less continuously 
(Fig. 1) is larger than would appear from Table 1. This is due to the fact that the plants 
which interrupt their growth neither resume nor terminate growth at the same time. 


Effect of the photoperiod on second-year seedlings 


The first observations on the effect of 8 and 16-hr. photoperiods in second-year 
seedlings were made on plants already used in the preliminary experiment with first- 
year seedlings. In order to cause the plants to shed their leaves and to break the dor- 
mancy of their buds it was found necessary to subject the plants first to a low tempera- 
ture treatment (10 weeks at a constant temperature of 6 to 7°C proved to be sufficient). 
After a period of fairly low temperatures in a coldhouse the plants were placed again 
at a constant temperature of 20°C under an 8 and 16-hr. photoperiod. The plants 
grown under 8 and 16-hr. photoperiods in the first year were randomly distributed 
between the two groups in the second year. Both groups of seedlings apparently ceased 
shoot growth at the same time. 

In another experiment started on May 22, 1954, the influence of 8 and 16-hr. pho- 
toperiods was studied on seedlings that had been grown out of doors in 1953, and 
which were lifted on May 7, 1954, and then placed in 20-cm pots. They were cut back 
to a height of about 10 cm, while only one of the developing buds was retained on 
each plant. It appeared that shoot growth under 8 and 16-hr. photoperiods ceased at 
about the same time. The mean stem length, however, was greater under a 16-hr. than 
under an 8-hr. photoperiod, but the average number of leaves was only slightly higher 
under a 16-hr. photoperiod. A statistical analysis showed that this difference was not 
significant. Consequently the difference in shoot length is caused by the fact that under 
a 16-hr. photoperiod the internodes are longer. 

Finally the influence of 8, 16 and 24-hr. photoperiods on the cessation of shoot 
growth was studied. First-year seedlings grown in pots out-of-doors were placed in 
18-cm pots on October 6, 1955. In the first year of growth most of these plants inter- 
rupted their growth for a longer or shorter time, while some of the plants only grew 


TABLE 2. EFFECT OF 8, 16 AND 24-HR. PHOTOPERIODS ON THE CESSATION OF THE SHOOT GROWTH IN 
SECOND-YEAR SEEDLINGS OF LIMBURGSE BOSKRIEK (P. avium L.) 


8-hr. photoperiod 16-hr. photoperiod 24-hr. photoperiod 
Dates (42 plants) (42 plants) __ (42 plants) 
Ceased Not ceased | _Ceased Not ceased | Ceased Not ceased 
Gs JAE 9 33 7 35 5 BĲ 
155 SIS 24 | 18 25 17 17 | 25 
2083356 39 3 38 4 33 | 9 
2153156 40 j 40 2 SAR TN 5 
4. 4. 56 40 2) 41 1 40 2 
27. 4. 56 42 — 41 1 42 = 
WS N56) 42 | — 42 — 42 — 
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during a relatively short period. They were brought indoors on January 11, 1956, and 
cut back to within a length of 10 cm, while only one of the developing buds was re- 
tained. The experiment was started on February 2, 1956. 

Table 2 shows that even in a 24-hr. photoperiod growth ceased at about the same 
time as under an 8 and 16-hr. photoperiod, despite differences in the growth habits of 
the plants in their first year of growth mentioned above. 


SHOOT LENGTH IN CM 


UO 
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60 
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FIG. 2. THE COURSE OF GROWTH OF SECOND-YEAR SEEDLINGS OF LIMBURGSE BOSKRIEK (P. avium L.) 
UNDER 8, 16 and 24-HR PHOTOPERIODS FROM THE BEGINNING OF THE EXPERIMENT UNTIL THE 
TERMINATION OF SHOOT GROWTH. PLANT NUMBERS ARE GIVEN BETWEEN BRACKETS 
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The average shoot length was greatest in a 24-hr. photoperiod while it was greater 
in a 16-hr. than in an 8-hr. photoperiod (Fig. 2). There was no difference in the average 
number of leaves under 8 and 16-hr. photoperiods (18.1 and 17.9 respectively), where- 
as slightly more leaves were produced under a 24-hr. photoperiod (20.0). A statistical 
analysis showed that this difference was significant. Consequently the difference in 
shoot length between the 3 treatments was mainly caused by differences in internode- 
length, which was longest under a 24-hr. photoperiod and longer under a 16-hr. than 
under an 8-hr. photoperiod. 


DISCUSSION 


In the previous section it was shown that under the conditions of these experiments 
first- and second-year cherry seedlings respond differently to the photoperiod with 
respect to the termination of shoot growth. 

In their first year of growth many of the plants under 8 and 16-hr. photoperiods 
terminated growth simultaneously. However, some of the plants under an 8-hr. day 
terminated growth much sooner, while a number of the plants grown under a 16-hr. 
day terminated their growth considerably later. In the second year of growth the 
plants under 8 and 16-hr. days terminated their growth at about the same time. 

Similar results were obtained by WAREING (6, 7) who studied the influence of the 
photoperiod on the growth of Pinus silvestris. In the first year of growth the seedlings 
under short days terminated their growth about 4 weeks earlier than under long days 
Differences in behaviour between the plants under short or long days are not men- 
tioned. In the second and later years growth was terminated at the same time. 

These differences are explained by WAREING (7) as being due to the fact that the 
duration of shoot growth of first-year seedlings is not predetermined by the number 
of initials already laid down in the resting bud, as in second-year and older seedlings. 
From the results of our experiments a satisfactory explanation of the differences in 
behaviour between first- and second-year cherry seedlings cannot yet be given. In a 
following paper on the influence of the temperature this problem will be discussed 
further. 


SUMMARY 


For cherry breeding it may be of importance to know the factors affecting the growth 
and development of cherry seedlings. Since it is known from the literature that the 
photoperiod is an important factor in the annual growth cycle in woody plants, 
‚experiments on the influence of the photoperiod were started in the phytotron of our 
Institute. 

The effect of 8 and 16-hr. photoperiods on the shoot growth of first- and second-year 
‚ seedlings of Limburgse boskriek (P. avium L.) was studied at a constant temperature 

of 20°C. In one experiment the influence of a 24-hr. photoperiod in second-year seed- 
‚ lings was also studied. 

It was found that under the conditions of these experiments first- and second-year 
cherry seedlings respond differently to the photoperiod as regards termination of shoot 
growth. In first-year seedlings many of the plants under 8 and 16-hr. photoperiods 

terminated their growth at the same time. However, some of the plants under an 8-hr. 
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photoperiod terminated growth much sooner, while a number of plants grown under 
a 16-hr. photoperiod terminated their growth considerably later. In second-year seed- 
lings growth was terminated at about the same time under 8, 16 and 24-hr. photope- 


riods. 
SAMENVATTING 


Enige effecten van de daglengte op de scheutgroei van kersezaailingen 

Voor het veredelingswerk bij de kers kan het van belang zijn de factoren die invloed 
uitoefenen op de groei en ontwikkeling van kersezaailingen nader te leren kennen. 
Aangezien uit de literatuur bekend is dat de daglengte een belangrijke factor is in de 
jaarlijkse groeicyclus van houtige planten, werd in het fytotron van ons Instituut een 
onderzoek begonnen over de invloed van de daglengte. 

Onderzocht werd het effect van een korte en lange dag (8 en 16 uur) op de scheut- 
groei van zaailingen van Limburgse Boskriek (P. avium L.) in hun le en 2e groeijaar 
bij een constante temperatuur van 20°C. In één proef werd bovendien de invloed van 
continu licht in het 2e groeijaar bestudeerd. 

Gebleken is dat onder de condities van deze proeven de zaailingen in hun le en 2e 
groeijaar verschillend reageren op de daglengte wat betreft het afsluiten van de scheut- 
groei. In het le groeijaar gaat een groot gedeelte van de planten onder korte en lange 
dag gelijktijdig in rust. Een deel van de planten onder korte dag gaat echter aanmer- 
kelijk eerder in rust; een deel van de planten onder lange dag aanzienlijk later. In het 
2e groeijaar gaan de planten onder korte en lange dagen en continu licht bijna alle 
gelijktijdig in rust. 
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1. INTRODUCTION 


In 1942 an article (pe HAAN, 1) was written about the library of the Institute of 
Agricultural Plant Breeding (l.v.P.) at Wageningen. 

Because this publication was edited in Dutch and since plant breeders from other 
countries have shown an interest in the above-mentioned library, it seems worth while 
to write on the subject in this periodical. 


2. SIZE OF THE LIBRARY 


Since its establishment, the Institute of Agricultural Plant Breeding (Fig. 1) has 
collected publications. In the first years there were only few accessions, but PROF. Ir. 
C. BROEKEMA (Director, 1924-1940) in particular promoted their extension. Under the 
present Director, ProF. Dr. J. C. Dorst, the library tries to keep pace with the ex- 
pansion of research on plant breeding in many countries of the world. 

The extension had taken place to such an extent that many publications had to be 
placed in book-cases in the corridor, while later also shelves had to be installed in 
working-rooms. 

The new building of the Foundation for Agricultural Plant Breeding (S.V.P.), an 
autonomous institute, offered the possibility of cooperation. It was decided to combine 
the existing library of the division of plant breeding of the Agricultural University 
with the newly-created library of the Foundation, which placed its entire first floor 


FIG. 1. INSTITUTE OF AGRICULTURAL PLANT BREEDING (FOREGROUND) AND FOUNDATION FOR AGRICUL- 
TURAL PLANT BREEDING (BACKGROUND) 
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Fic. 2. THE LIBRARIAN H. JANSEN IS A MAN OF 
EXPERIENCE. FOR MANY YEARS AND WITH 
ALL HIS HEART HE HAS DEVOTED HIMSELF 
TO THE BUILDING UP OF THE LIBRARY 


at the disposal of the Institute library. The new building is connected with the old one 
so that it is easily accessible for the workers of both institutes. 

According to the annual report of the librarian H. JANSEN (Fig. 2) the present hol- 
dings on 1 Jan. 1956 were as follows (Table 1). 


TABLE 1. HOLDINGS OF THE I. V. P.-S. V. P. LIBRARY ON 1 JAN. 1956 


Periodicals and other series . 706 
BOOKSMR EN 2,588 
Reprise SSS il 
Bapencutinos sn SSS 


The number of volumes of the periodicals and other series was estimated at 8,700 
on 1 Jan. 1956. The reprints and paper articles are kept in three-ply boxes. 

In 1955 a total sum of 2,600 guilders was spent in purchasing periodicals and books, 
while many publications (particularly periodicals and reprints) were received from 
exchange sources or as presentation copies. All publications can be borrowed. Many 
breeders also avail themselves of the opportunity to use the library. 


3. THE CIRCULATION OF ACCESSIONS 


Accessions are circulated among the investigators in reading-cases which always 


contain 15 items. In all 30 such cases are circulating. They are booked and catalogued 
before their circulation. 
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The advantages of this procedure are: 


1. Allaccessions are booked and catalogued immediately after arrival while the checks 
of accessions are immediately placed in the catalogues. In consequence the activities 
of the administration proceed more or less regularly. 


2. All members of the staff are kept informed of the accessions. A publication can be 
asked for loan by means of a signature written after the indication of the publica- 
tion. 


The reading-cases always have miscellaneous contents. It is not considered neces- 
sary to burden the administration by compiling special cases e.g. for potato experts, 
cytologists, etc. This is less inconvenient for the research workers since the card index 
system is kept up-to-date, while often even before circulation the librarian draws the 
attention of the readers to some important accession. 

The reading time allowed for the cases is one day. One of the library-staff sees that 
the cases are interchanged at the beginning of every day (after checking the number of 
publications in the cases). 

After circulation the cases remain about one week in the reading room of the libra- 
ry, in order that fellow-workers who had been absent and investigators of other in- 
stitutes or their pre-readers and students have an opportunity to look through the 
reading-cases. 

When the cases are undone, the requested publications are lent out. If more than 
one person has signed for one publication, then the reading time is one week. The re- 
maining publications are placed in the store. 

More than 200 reading-cases circulate annually. In 1955, 1,980 periodical-issues, 
68 books and 1,087 reprints were brought to the attention of the readers, that is 3,135 
items in all. Of these, 2,674 publications were asked for loan via requests from the 
reading-cases (the total loan of 1955 comprising 7,037 publications). 

In addition the agricultural weeklies circulate in more than 100 separate cases a 
year and the catalogues and price-lists in 70 separate cases. The weekly-cases are es- 
pecially read by assistants. 


_ 4, THE STORE 


The store has a floor area of 10 x 12 = 120 m°. The periodicals are placed on the 
left hand side, the other publications on the right hand side. The periodicals are not 
arranged according to form or contents. The series are indicated by letters, viz. A, B. 
Z; AA, AB, AC, „AZ; etc. A 20 e.g. means volume 20 of the periodical series A. 

The books, reprints and paper cuttings on the other hand are roughly arranged 
systematically in the store (Fig. 3). There are 35 groups (indicated in Roman figures), 
of which group I (General Botany) is subdivided into 15 minor groups. 

In a given category (e.g. group XIII — potatoes) the books are placed first, then 
the reprints (in three-ply boxes) and lastly the paper cuttings (in three-ply boxes). 
Between the groups, spaces are left open in order to be able to add new accessions. Thus 
a book on potatoes has the indication XIII 20, a reprint on potatoes S 20, a paper 
cutting on potatoes XIII Kr 20 (Kr stands for krant — paper). 
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Fig. 3. THE BOOK STORE VIEWED FROM THE WORKING ROOM OF THE LIBRARIAN. BOOKS OF A GIVEN GROUP 
ARE FOLLOWED BY BOXES WITH REPRINTS 


The I.v.P.-S.V.P. library is open to every one. Many graduates later become regular 
visitors, because they have become accustomed to the search for literature and the 
handling of publications there. 

All publications that are taken from the store are immediately noted in the library’s 
register, a practice which also holds for books borrowed by the staff. Only exceptional- 
ly a publication is missing. 


5. THE BOOKING AND NUMBERING OF ACCESSIONS 


After marking the accessions with an imprint of one of the Institutes as a token of 
ownership the books and reprints are inserted in the stand catalogue (after checking 
that they have not previously been included). Then they are given a label on which is 
written the number indicating its place (e.g. XIII S 2080 as the 2,080th reprint in the 
group potatoes). 

When the accessions have been designated by a number, cards are typed for the 
author card catalogue. For this purpose strong cards are used, measuring 9 Xx 14 cm. 
No new card is typed of reprints of an article which has already been catalogued, but 
the place number of the reprint is added to the card which was already in the system. 
(Any alteration on the cards of the author card catalogue is also indicated on the 
subject cards). 

It is in the interest of the user and of the library that the reprint is lent out and that 
the volume of the periodical is left in the library. A reprint is easy to use, though 
rather liable to damage when it has no cover. 
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6. THE AUTHOR CARD CATALOGUE 


When the author of a given publication is known, the author card catalogue gives 
information whether it is in the library. The search of a given title in the author card 
catalogue also offers an opportunity of discovering whether perhaps a more recent 
publication on the same subject and by the same writer is available. 

The cards are arranged chronologically per author. Separate cards are made for 
reprints of books, in connection with the chronological arrangement. If the author of 
a publication is unknown, the first word (not an article) from the title is taken. 

The author card catalogue can show the subjects on which a prospective visitor has 
published. This eases conversation and not only enables us to give information but 
also facilitates a discussion on subjects about which the visitor may be expected to 
have an expert judgement. 

The author card catalogue contains the titles of the books and reprints. Of the paper 
cuttings only the most important articles are included in the catalogue. In the case of 
periodicals also the articles are selected. The librarian marks those articles for which 
the assistant should type a card. He classifies the cards after checking the titles. Then 
he writes one or more numbers of the subject card system at the foot of the author’s 
card. When they are re-typed, this number is included at the top in order to facilitate 
the search and insertion in the card index system. 

After re-typing the card a cross is drawn on the author’s card and the latter is 
added to the system. 

The same strong cards are used for the card index system, and every card has to be 
typed separately. (Cards of thin paper are very troublesome and also become dirty 
from frequent use. Moreover they are very liable to wear and tear). 

The typed cards which are destined for the card index system are provisionally ar- 
ranged so that insertion is quicker. 

The number of cards in the author card catalogue can be estimated at 100,000; in 
1955 the number of new author’s cards amounted to 3,281. 

From the fact that in 1955 a total of 3,135 publications circulated in the reading- 
cases, 1,155 of these units being books or reprints, it can be concluded that out of 
1,980 periodical issues 2,126 cards (3,281-1,155) were typed. From certain periodi- 
cals nearly all the articles are inserted in the system, but in many other periodicals only in 
exceptional cases an article is encountered which is considered suitable for insertion. 


7. THE SUBJECT CARD SYSTEM 


If one searches for literature on a given subject the subject card catalogue will give 
the information required. The search is facilitated by placing the cards in chronological 
order (per year alphabetically according to authors since this is desirable from a 
library technical point of view). In consequence one finds directly the recent literature 
as far as it is in stock. 

Whereas general rules are applied in the alphabetical arrangement, a separate 
decimal system has been designed for the subject card system which works well. 

For the users of a special library there are objections to the U.D.C. system. It is 
much more convenient to consult a special system designed on the basis of short 
symbols which are easy to handle. 
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The system of the I.v.P-S.V.P. library has the following main division, indicated 
in table 2. 


TABLE 2. MAIN DIVISION OF THE SUBJECT CARD SYSTEM OF THE 
THE [. v. P.-S. V. P. LIBRARY 


1. General 6. Clovers 

2. Root crops 7. Grasses 

3. Cereals and other mealy crops 8. Horticultural crops 
4. Large-seeded legumes 9. Miscellaneous 

5. Oil and fibre crops 


Group I has 193 subdivisions, while owing to the decimal system there is plenty of 
room to make more subdivisions according to requirements (Table 3). 


TABLE 3. EXAMPLE OF THE GROUPS OF THE MAIN DIVI- 
SION OF THE SUBJECT CARD SYSTEM OF THE 
L. v. P.-S. V. P. LIBRARY 

152 Breeding technique 

1521 General and miscellaneous 

1522 Methods of isolation 

1523 Fertilization, emasculation, storage of pollen 

1524 Sowing 

1525 Harvesting and threshing 

1526 Measuring and weighing 

1527 Administration 


The author of this article will be pleased to send a stencil (in English) of the complete 
system. 

The main groups of the crops (2-9) are subdivided according to the cultivated 
plants. The group cereals has the following subdivision (Table 4). 


TABLE 4. SUBDIVISION OF THE MAIN DIVISION CEREALS OF THE 
SUBJECT CARD SYSTEM OF THE I. v. P.-S. V. P.-LIBRARY 


30 Cereals and other mealy crops 
31 Rye 

32 Wheat 

33 Barley 

34 Oats 

35 Buckwheat 

36 Millet, canary seed, sorghum 
37 Maize 

38 Rice 

39 Miscellaneous 


In order to be able to classify the literature of specific crops, 74 subgroups are 
distinguished according to subject (Table 5). 

The letters XX in table 5 can be considered as blind letters which should be sub- 
stituted by the indication of the crop groups or cultivated plant for (20 …99). If one 
wants to search literature on disease resistance (64) in wheat, the drawer indicated as 
3264 can be consulted; the breeding (35) of maize in the drawer 3735, etc. 

The number of cards in the subject card catalogue is estimated at 140,000. 

In the case of sugar and fodder beet lists are stencilled for sending to the breeders. 
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TABLE 5. PART OF THE SUBGROUPS FOR THE CLASSIFICATION 
OF THE LITERATURE OF SPECIFIC CROPS 


XX3 _Heredity and breeding 

XX31 Genetical analysis, linkage, crossing-over 
XX32 Correlation 

XX33 Mutation, variability, bud mutation 
XX34 Cytology, chromosomes 

XX35 Breeding and selection 


8. THE SIGNIFICANCE OF A WELL-ORGANIZED SPECIAL LIBRARY IN THE FIELD OF PLANT 
BREEDING 


In almost every country of the world many people devote their time to research in 
the field of plant breeding. Large sums are invested in buildings, glasshouses and trial 
fields in order to render research possible. Also research itself demands large sums in 
salaries and other costs. Thus every institute must be kept informed on the progress of 
research in other countries. 

It is primarily the literature which is a source of information. And after the participa- 

_ tion in congresses and meetings of working parties it is again the literature which is 
used to make the results of scientific research subservient to own experiments. 

It is clear that within the organization of an institute of plant breeding the library 
plays an important part in the collection of literature and rendering publications 
accessible. 


Fia. 4. IN THE LI. v. P.-S. V. P. LIBRARY ATTENTION IS DRAWN TO EUPHYTICA BY MEANS OF A TRIPTYCH 


Grneticiste / 
Phytepathetegists 
ted Browers 
Eep. Statrans 
kikraries 


4 
3 


OF EUPRYTICA 


pediesh articies en 
arch 1e plaât breeding. 


give selermatien en 
t breeding methods, 


review articihen ant j 
3 os plant breeding. 


tumetate plaat breeders, 
further cantacts aad 


exchange with 
fereign countries. 


H. DE HAAN 


Plant Brendan | 
Ranatlerehag 


52 6495 
53 6825 
54 7635 
53 15000 


FIG. 5. THE RIGHT PART OF THE EUPHYTICA TRIPTYCH. IT SHOWS THAT EUPHYTICA IS IMPORTANT FOR 
THE LIBRARY. EXCHANGE NUMBERS AND REPRINTS ARE USED TO FURTHER THAT PUBLICATIONS 
ARE RECEIVED FROM ALL PARTS OF THE WORLD. Á LARGE NUMBER OF THE 15,000 REPRINTS IN 


1955 WERE ORDERED BY THE LIBRARY OF THE INSTITUTE OF HORTICULTURAL PLANT BREEDING, 
WAGENINGEN, AND DISTRIBUTED AS INSTITUTE SERIES 
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9. EUPHYTICA AND THE ILV.P.-S.V.P. LIBRARY 


The I.v.P.-S.V.P. has 80 subscriptions to Euphytica (DE HAAN, 2) in order to strength- 
en exchange with other institutes of plant breeding. The library also promotes exchange 
by distributing reprints of articles written by members of the I.v.P.-S.V.P. staff (Figs. 
4 and 5). 

It is heartening that also other Wageningen institutes and laboratories have well- 
organized libraries and that they avail themselves of Euphytica and reprints of ar- 
ticles to further the exchange. Of the articles in the previous issue (Vol 5 no. 2) a total 
of 9,450 were ordered. 

Many collaborators of Euphytica thankfully avail themselves of Wageningen 
libraries. The editors of Euphytica have helped these libraries by placing 150 exchange- 


subscriptions at their disposal in order to make terms of exchange with institutes and 
editors in other countries. 


SUMMARY 


The combined library of the Institute and Foundation for Agricultural Plant Breed- 
ing at Wageningen places great emphasis on the accessibility of the publications. 
Among other things the contents of periodicals are included in the subject card cata- 
logue. The latter is based on a decimal system which has been explained in this article 
and which can be had on application to the editor (stencil). 

The collection and availability of the literature is of great importance now that 
research in plant breeding has been extended on such a large scale. 

The accessions circulate in reading-cases of mixed contents. A description is given 
of the way in which periodicals, books, reprints and paper cuttings have been included 
under numbers. 


SAMENVATTING 


Een bibliotheek op het gebied van de plantenveredeling 


De gecombineerde bibliotheek van het Instituut voor Veredeling van Landbouw- 
gewassen en de Stichting voor Plantenveredeling te Wageningen besteedt grote zorg 
aan het toegankelijk maken van de aanwinsten, o.a. door ook de artikelen in. tijdschrif- 
ten (voor zover van belang voor de plantenveredeling) in de catalogi op te nemen. 

De onderwerpen-catalogus berust op een decimaal systeem. Een stencil hiervan in 
de Nederlandse of Engelse taal wordt op aanvraag gaarne toegezonden. 

Het verzamelen en toegankelijk maken van de literatuuris van grote betekenis in 
deze tijd, nu het veredelingsonderzoek een grote omvang heeft verkregen. 

Vermeld is op welke wijze de tijdschriften, boeken, overdrukken en krantenknipsels 
genummerd en geplaatst zijn. 
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1. INTRODUCTION AND MATERIAL AVAILABLE 


In the Netherlands two methods of grassland management are used, viz. grazing 
on permanent grassland and grazing on temporary grassland. 

The breeders produce satisfactory pasture and hay types for permanent pastures, 
the principal species being perennial ryegrass (Lolium perenne). lt comprises six bred 
pasture types and five bred hay types. 

The difference between the strains of the pasture type are observable, but relatively 
small. It concerns only different degrees of winterhardiness and rust resistance. Rough- 
ly speaking the two characters are inversely correlated. 

The hay types also differ somewhat in earliness and winterhardiness, but these dif- 
ferences, like those between the pasture types, are more relative than absolute. 

Besides a general improvement of rust resistance combined with maintenance of 
winterhardiness, growers have no strict demands for breeders. In general it can be 
said that farmers are satisfied with the material at their disposal and that it should be 
the breeder’s objective to maintain the characters already available. Genetical narrow- 
ing of the material, in order to come to higher yields possibly endangers the adaptation 
of varieties to changing conditions of grazing and hay making. 

Of other species suitable for permanent pastures Dutch breeders produce three 
pasture types and three hay types of meadow fescue (Festuca pratensis), two pasture 
types of timothy (Phleum pratense) and one hay type of timothy. 


2. LEYS AND DROUGHT 


For leys matters have a different aspect There is no great desire among farmers to 
turn to ley management. 

As a result of a lack of foreign currency to purchase concentrates after the war, 
efforts were made to produce as much fodder as possible. By ploughing up grassland 
of moderate quality and utilizing it temporarily as arable land, later turning to leys, 
the production of proteinous raw fodder could be considerably enhanced. This, of 
course, was particularly appropriate for grassland on unfavourable soil. A second 
argument was an improvement of the texture of lighter soils by ley farming. 

However, in the Netherlands, where particularly the sandy soils are considered for 
the ley system, there are vast areas where the low lying fields are under grass and which 
are not suitable for arable land, especially in the east and the northeast. The farmer 
then has no inclination to grow grass on the arable land because his grassland is not 
ploughable. Often the acreage of arable land and permanent pastures is already equal- 
ly large. Here rotation is not so favoured, except on reclaimed areas. It is more suitable 
for regions where grassland is either poor or scarce, or where the grasslands can as 
easily be used for arable land. This is the case in the sandy regions of the southern and 
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south-eastern part of this country. But also here the inclination to establish leys is 
lacking. There are many reasons for this, such as the necessary ability of the farmer, 
the risks of exploitation, the liability to economic fluctuations, the adaptation of the 
live stock, etc. But another reason is that in these regions drought is a factor and this 
is a problem to be tackled by breeders. 


3. PRECIPITATION AND MOISTURE HOLDING CAPACITY 


The drought can impede the growth completely and it seems unnatural to establish 
grasslands, even if there is a great need for them. However, the susceptibility to drought 
in these regions is not a consequence of lack of precipitation. It is true, that from the 
data of the Meteorological Institute at de Bilt covering the period 1911-1950, it ap- 
pears that the south-eastern part of the Netherlands has about 10 % less precipitation 
than the central part of the country, but even so it reaches nearly 700 mm a year, so 
that we are not entitled to call it an arid climate. Moreover, this 10 %/ more precipita- 
tion in the central regions falls during the winter moaths when there is no growth. In 
addition the inconstant climate of the Netherlands has no fixed periods during which 
a shortage of water regularly occurs. 

When the breeder, therefore, aims at breeding drought resistant strains for leys in 
these regions, there is no sense in searching for escape-resistance, because usually it is 
not worth while. It is a chance game with a great likelihood of drawing blanks. 

The susceptibility to drought of the southern and south-eastern part of the Nether- 
lands should therefore be explained by considering the vast area of soils with a poor 
moisture holding capacity. This means that the damage by drought is not so much a 
chronic, but an intermittent phenomenon occurring in a time of little rainfall and when 
the weather causes a high evaporation process. Often precipitation is sufficient and in 
that case a good yield can be obtained with all grasses. So the farmer requires a strain 
which eliminates his risk when there is a very dry period. But he is not satisfied with 
drought-resistant varieties which do survive when there is shortage of water, unless 
they also produce the maximum yield which can be obtained with the ordinary varieties. 

It seems, therefore, as if the breeders are faced with insuperable difficulties. For there 
is a physiological positive relationship between water intake and transpiration on the 
one hand and dry matter production on the other. 

It might be expected that plants which remain alive when there is only little water 
supply, are not the most productive ones and that plants that make a favourable 
impression when there is but a moderate water supply, cannot compete with highly 
productive plants which need large quantities of water for that production when much 
water happens to be available. 


4. DROUGHT-RESISTANCE AND WATER ECONOMY 


This reduces the problem to the question whether drought resistance and high 
production in case of sufficient water supply can be combined in one variety. It can 
also be formulated differently, viz. is there a species including varieties with a better 
water economy? In fact, there is. KELLER (1), in selecting different genotypes of cocks- 
foot in pot trials has recently demonstrated that the more productive and drought 
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resistant types possess such a water economy. This is the chance we seized upon to 
further our breeding programme. 


5. BREEDING FOR DROUGHT RESISTANCE 


Although perennial rye grass, meadow fescue and to a certain extent also timothy 
are very disappointing when they are grown on a really dry soil, we have not rejected 
the possibility of obtaining some improvement by selection within these species, but 
we have broadened our basis. Experience had also taught us that, by planting on good 
soils plants of perennial ryegrass and cocksfoot derived from extremely dry soils, we 
had collected types which could not match the production of other types. Apparently 
they could only bear the drought because they were so little productive. 

The collecting of plants from extreme conditions in the hope that these few plants 
will also form the basis of a new strain mostly leads to disappointments because the 
choice is reduced to such a small basis that practically no possibilities for selection 
remain. 

Following our opinion that drought resistant grasses should also give a maximal 
production when sufficient water is available, it would be obvious to try the best clones 
of the best grasses once again on dry soils. But in most cases the result seems to be 
disappointing for the same reason: there is too little choice. 

We therefore started at an earlier stage. We have sown populations of species on 
extremely dry soil. Some of them had been improved by breeders, others not. We have 
not restricted ourselves to our best grasses, but we have also included other species 
which are less popular. Among them are foreign provenances derived from more or 
less arid regions because the drought-susceptible soils in certain periods of the year 
indeed approach the arid conditions prevailing abroad. 

It is the aim to expose these populations to ordinary conditions of grazing and hay- 
making on extremely dry soils. The remaining populations will serve as basis for fur- 
ther plant selection. Favourable years with enough or abundant precipitation will 
enable us to gain an impression of the production capacity under better conditions. 


6. OBSERVATION TRIALS 


In the observation trials we have included Italian ryegrass from the Netherlands, 
Sweden and America; red fescue (Festuca rubra) from the Netherlands and Sweden; 
field brome (Bromus arvensis) from Sweden; smooth brome (Hungarian brome, Bro- 
mus inermis) from America and Sweden; cocksfoot (Dactylis glomerata) from the 
Netherlands, Sweden, Finland and America; smooth stalked meadow-grass (Poa 
pratensis) from the Netherlands, Estonia, Finland, Sweden and America; timothy 
(Phleum pratense) from the Netherlands, Finland, Sweden and America; perennial 
ryegrass (Lolium perenne) from the Netherlands, France, Finland, Sweden and America; 
meadow fescue (Festuca pratensis) from the Netherlands and Sweden; tall fescue 
(Festuca arundinacea); Andropogon ischaemum, A. hallii, A. annulatus, Bouteloua graci- 
lis, Sporobolus cryptandrus; Agropyron sibiricum, A. cristatum, A. intermedium, A. 
trichophorum, A. desertorum, Poa ampla, meadow fox tail (Alopecurus pratensis), 
Agrostis tenuis and A. alba, Phalaris tuberosum, P. coerulescens and P. arundinacea, 
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Elymus junceus, Stipa viridula, the last-mentioned species all derived from America. 
In addition a cross between perennial ryegrass and Italian ryegrass and a cross between 
Phalaris tuberosum and Phalaris arundinacea. 

Already a division can be made into 5 categories: 

Group L. Species that are destroyed in a Dutch winter. Among them is Bromus ar- 
vensis (not so much because of the frost, but because its predominantly annual charac- 
ter; it is hardly satisfactory as an annual grass, however), Andropogon hallii, A. annula- 
tus, A. ischaemum; Bouteloua gracilis, Sporobolus cryptandrus, Phalaris tuberosum, 
P. coerulescens. 

Group IL. Species that apparently can bear the drought. Because of their low pro- 
ductivity they have no commercial value. Agropyron sibiricum, A. cristatum, A. tricho- 
phorum, A. desertorum, Poa ampla, Elymus junceus, Stipa viridula, Agrostis tenuis, 
A. alba. 

Group III. Species that only thrive when there is enough precipitation. Italian rye- 
grass, perennial ryegrass, meadow fescue (Festuca pratensis) and timothy, although the 
last mentioned species can bear a fair degree of drought. 

Group IV. Species that do not give a maximum production when there is sufficient 
moisture available, but yet offer a favourable basis for further investigation on dry 
soils. Red fescue (Festuca rubra), smooth brome (Bromus inermis), smooth stalked 
meadow grass (Poa pratensis), tall fescue (Festuca arundinacea), Agropyron interme- 
dium, meadow fox tail (Alopecuris pratensis), Phalaris arundinacea. 

Group V. Species that can bear the drought satisfactorily and also thrive in favour- 
able growing weather. Cocksfoot (Dactylis glomerata). 

For the breeding work only the groups IV and V are significant and it appears that 
there is really no need for looking abroad. Only Agropyron intermedium is not well- 
known. 


7. CONCLUSION 


To conclude we can say that when it is desired to breed grasses for the drought- 
susceptible soils of the Netherlands, we have to refer to our own species of second 
quality. 

In our opinion it should be possible to obtain results in these species by means of 
selection. After all not much work has been done in this connection in the past, cer- 
tainly not as far as their value for fodder purposes is concerned. 

Following the above-described trials, in cooperation with the State Agricultural 
Experiment Station at Hoorn, a digestibility trial with red fescue and cocksfoot has 
also been set up in comparison with perennial ryegrass hay- and pasture type. 

From the foregoing discussion it is clear that the solution of the problem of leys on 
dry soils is only in its initial stages, at least as far as breeding work is concerned. 


SUMMARY 


With a view to the breeding for resistance to drought, different indigenous and 


foreign species are being tested. 
The inconstant climate of the Netherlands (in which dry years occur irregularly) 
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sets the conditions to be satisfied by the breeders. It means that drought resistant 
varieties producing but moderately when sufficient moisture is available, are near to 


worthless. 
À classification has been made in the species on trial, indicating at the same time 


which of them show most promise. 


SAMENVATTING 


Het kweken van grassen voor kunstweiden op droge gronden 

Voor het kweken van grassen op droogteresistentie worden verschillende inlandse en 
buitenlandse soorten beproefd. Het wisselvallige Nederlandse klimaat, waardoor dro- 
ge jaren niet regelmatig voorkomen, geeft de voorwaarden waaraan de kweker moet 
voldoen. Dat betekent dat droogteresistente grassen die bij voldoende vocht slechts 
matig produceren vrijwel waardeloos zijn. 

Een indeling en schifting is gemaakt in de soorten, waarbij aangegeven wordt welke 
soorten de meeste perspectieven bieden. 
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INTERRELATION OF ALKALOID CONTENT 
AND STAGE OF DEVELOPMENT OF 1- AND 2-YEAR-OLD 
ATROPA BELLADONNA L. 
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Institute of Horticultural Plant Breeding, Wageningen 
Received 27 Aug. 1956 


INTRODUCTION 


Successful selection is primarily dependent on a thorough knowledge of the charac- 
ters of the crop under selection. When selecting A. belladonna for high alkaloid con- 
tent we established that in one and the same plant this content was far from constant 
during the course of growth. Hence the question arose in which stage the plants con- 
tain the highest alkaloid content. 

BREWER and HINER (1) found the highest content in A. belladonna during flowering. 
The British Pharmacopoeia (3) probably agrees with this, since it requires that the 
plant shall be harvested during flowering. On the other hand CARR (2) did not find any 
significant differences in the alkaloid content at the different stages of development, 
except that the concentration decreases rapidly when the leaves are dying. EVANS and 
PARTRIDGE (6) encountered the highest concentration in 1-year-old A. belladonna 
during flowering. The concentration falls markedly during fruit setting. At first the 
alkaloid content of 2-year A. belladonna is high, but later it decreases rapidly until 
flowering begins, remains steady during flowering and after that decreases further. 

Rowson (8), in his paper on research on 4. belladonna, emphasizes the importance 
of collecting actively growing aerial parts to obtain a maximum content of 1-hyoscya- 
mine. 


METHOD OF INVESTIGATION 


In order to reduce any possible influence of soil differences on the alkaloid content, 
each trial was duplicated. Each block consisted of 25 rows of 10 plants each. The plant 
material used had not been selected. The trials were laid out in a sandy soil, which was 
yearly manured with 41.5 kg. N, 43.7 kg. P,O; and 84.2 kg. K‚,O per acre, and received 
in addition 24.3 ton stable manure every other year. 

The leaves, stems or herb (the whole aerial part of the plant) were harvested twice 
a week, always at about 10 a.m. Each time 1 row of each block was harvested, dividing 
the row into 3 groups of plants (2 groups of 3 and 1 group of 4 plants). These groups 
were harvested separately. After the material had been weighed, cut up fine and mixed, 
a sample was taken and dried at 55-60 °C. Then the total alkaloid content in the air-dry 
material was determined by the method of DĲKSTRA (4). The means of the 6 analyses 
per harvesting date were plotted in graphs. We shall discuss our findings from these 


graphs. 
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EXPERIMENTAL RESULTS 


The course of the alkaloid content in l-year-old A. belladonna during growth 


On May 22, 1953, two fields were planted with 1-year-old yellow-flowered and 
l-year-old purple-flowered plants of A. belladonna, the two kinds well apart from each 
other. Harvesting was started in a very young stage on June 8. The last harvest was 
carried out on August 27 when the plants already bore many berries. 

Figure 1 clearly shows that the total alkaloid content increases during growth until 
flowering begins and remains steady until the first berries appear. After that it drops 
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again. Although the overall level of alkaloid is lower in purple-flowered plants, both 
varieties show parallel changes in alkaloid content during growth. The marked de- 
creases (x) in alkaloid content which occasionally occur cannot be explained from the 
weather conditions (temperature, cloudiness, precipitation), which were equable dur- 
ing those periods. 

The course of the alkaloid content in l-year-old yellow-flowered A. belladonna was 
again determined in 1955. Owing to the unfavourable spring weather harvesting could 
not be started until July 21, i.e. 6 weeks later than in 1953. As is shown in Fig. 2, the 
changes in 1955 are very much the same as in 1953; only the maximum is a little higher 
and is reached somewhat later, when the plant has already produced several unripe 
berries. 

The weight of the aerial parts increases regularly, even when the plants bear ripe 
berries. Too small a number of replicates may account for the irregular course of the 
weight curve. 

Figs. l and 2 demonstrate that the maximum alkaloid content can be shifted to 
some extent. 

From the experiences of EVANS and PARTRIDGE, BREWER and HINER, and from data 
which we collected in 1953, we may conclude, however, that the maximum alkaloid 
content in l-year-old A. belladonna is generally reached during flowering and remains 
steady during the first fruit setting. But afterwards there is a decrease. 

The course of the-alkaloid-content in the leaf is entirely different from that in the 
stem (Fig. 3). The alkaloid content of the stem, as compared with that of the leaf, is 
very high in the first growing stages. As in the leaf it reaches a maximum during flow- 
ering, but as the plant grows older it falls to the level of the alkaloid content in the 
leaf. Also the content in the stem of the purple-flowered variety is at first higher than 
that of the leaf. The level of the concentration in the stem is appreciably lower than 
that of the yellow-flowered variety. 

As the weight ratio leaf/stem in young A. belladonna is approximately 3:1, the 
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alkaloid of the young herb is mainly determined by the leaf. As the plant grows older 
this ratio more and more approaches the value 1: 1. 


The course of the alkaloid content in 2-year-old A. belladonna during growth 


Since A. belladonna is a perennial it can be harvested for a number of consecutive 
years. Now it might be asked whether the course of the alkaloid content in the 2-year- 
old plants runs parallel to that in the l-year plants, and whether roughly the same 
overall level is reached. 

The course of the alkaloid content in 2-year old yellow-flowered A. belladonna was 
studied in 1953 and in 1955. As stated above, the same procedure was followed as for 
l-year-old A. belladonna. Contrary to observations by CARR we found that the alkaloid 
content in the leaf clearly shows a minimum when the plant begins to flower, and a 
maximum when the plant bears a number of green berries (Fig. 4). The level of the 
alkaloid content in the leaf of 2-year-old plants is higher than in l-year plants. The 
same is true of the level in the stem. One-year plants were high in alkaloids in the 
young stage of the shoots, but this was even more markedly the case with 2-year plants. 
Also with 2-year plants the content in the stem falls with the age of the shoots to the 
level of the concentration in the leaf. This level is reached when the plants bear ripe 
berries. 

If leaf and stem are not harvested separately the course of the alkaloid content is 
as shown in Fig. 5. The course of the content of the herb in the bud stage is largely 
determined by the quantity in the stem at that stage (Fig. 4). A low level is reached 
when the plant begins to flower, after which the content increases again to a maximum 
which is reached when the plant bears a good many green berries. At that stage the 
content of the leaf and that of the stem are about equally high. After that the content 
drops steadily until the berries ripen off. 

Fig. 5 confirms the findings of EvANs and PARTRIDGE that the content in the 
aerial part of 2-year-old plants is at first very high. Later, however, the content takes 
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a different course from that described by the above-mentioned workers (see Introduc- 
tion). 


The second harvest 


Two-year-old A. belladonna can be harvested twice in one season if the first harvest 
is carried out in time, i.e. shortly after flowering. 

Let us now consider the course of the alkaloid content of the plants that have re- 
sumed growth. The conditions of light and temperature are now different from those 
prevailing at the first growth. 

The first series of harvests was carried out from the end of May to early in August, 
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while the whole field was harvested again on September 8, but now at one time. Due 
to the difference in time required by the plants to resume growth between the first and 
the second harvest, all developmental stages were present on September 8, except the 
stage in which the plant already bears ripe berries. So analyses for alkaloids in plants 
in that stage could not be carried out. The rows that were harvested first already bore 
many unripe berries, while those that were harvested last had only just come into bud. 

Again we found a relatively high alkaloid content in the young stage, and this was 
again mainly due to the stem (Fig. 6). The subsequent changes in alkaloid content 
during the resumed growth are practically the same as those in shoots of the first harvest, 
except that the maximum is reached at a later stage, namely when the plants already 
bear many berries. This is mainly due to the leaves, as the content in the leaves also 
increases steadily until that stage is reached. As the plants grow older the content in 
the stem steadily decreases to the level in the leaves. Plants from the second harvest 
were lower in alkaloids than those from the first harvest. 


DISCUSSION 


If the extent to which a certain character of a plant manifests itself at a given moment 
depends not only on genetical factors but also on the environment and the stage of 
development reached by the plant at that moment, selection for the character in 
question becomes extremely difficult. This is often the case with plants, e.g. herbs, that 
are important for their content of some valuable substance. 

For a number of years we have been selecting A. belladonna for high total alkaloids 
in the aerial parts. SIEVERS (9) is of the opinion that the alkaloid content of 4. bella- 
donna is determined genetically, and STEINEGGER (10) produced evidence that this is 
correct for Datura stramonium, a plant that contains the same alkaloids as 4. belladon- 
na. ROMEIKE (7) claims that the alkaloid content is primarily determined by genetical 
factors and that the environment has only a slight effect. 

An alkaloid content of 0.3 % in the dry matter of the herb of A. belladonna is nor- 
mal, while a content of 0.6 % is high. The relative difference is 100 %, whereas the 
absolute difference is 0.3 %. As the selector is only concerned with such small absolute 
differences, itis of the utmost importance to him to know the extent to which the con- 
tent, at a given moment, is determined by the genotype, the environment and the 
stage of development of the plant. 

Like ROMEIKE we are of opinion that the environmental factors have only a slight 
effect, provided that there are no extreme differences and perhaps with the exception 
of trace elements. We will come back to this in a following publication dealing with 
the influence of temperature on growth and alkaloid content of A. belladonna (5). 

We found that the interrelation of stage of development and alkaloid content is 
more important than the influence of the environment. It appeared that the relative 
differences in the alkaloid content of a plant from the same sowing could amount to 
over 100 %, while in the stem differences up to about 250 % may occur. 

When the plants are harvested at frequent intervals it becomes apparent that the 
course of the content is more or less systematic. It is characterised by abrupt decreases 
and increases, which cannot be explained from the state of the weather. They may be 
related to the growth rhythm of the root and the aerial part, but this would have to 
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be investigated further. These abrupt decreases and increases do not occur in the ex- 
periments carried out by EvANS and PARTRIDGE, probably because their harvest inter- 
vals were still too great. The selector can take advantage of this systematic course of 
the alkaloid content by carrying out all analyses at the same stage of development. 

The stage at which the maximum occurs may shift to a slight extent (see Fig. 7, 
which is a combination of Figs. 1, 2 and 5). This shift might be due to the cold spring 
of 1955 when growth was much slower than in 1953. 


The question put in the introduction might be answered by saying that for purposes 
of selection or when studying the influence of environmental factors l-year-old A. bel/- 
ladonna can be best judged when the plant flowers and/or bears the first unripe berries, 
whereas 2-year-old A. belladonna should be judged when the plant already bears a 
fair number of berries. At this time it is possible to obtain information about the 
maximum alkaloid content. 


SUMMARY 


A study was made of the course of the alkaloid content in the aerial parts of both 
l- and 2-year-old A. belladonna during growth. This content is not steady. One-year 
plants reach the maximum content during or just after flowering, when the plant 
bears a few green berries, while 2-year plants reach the maximum content in a very 
young stage. During flowering, however, the content drops to a low level to reach 
a peak again when the plant bears a good many green berries. 

When judging the plants for alkaloid content it is important to harvest all plants in 
the same stage of development. If they are harvested at one time it would be certain 
that all plants would have been influenced by the same environment for the same 
length of time. However, a critical comparison of the potentialities of the different 
plants would not have been achieved. 
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Het verband tussen het alkaloïdegehalte en het ontwikkelingsstadium 
van 1- en 2-jarige Atropa belladonna L. 


Voor de veredeling van A. belladonna op alkaloïdegehalte is het belangrijk, dat alle 
planten in hetzelfde ontwikkelingsstadium geoogst worden. Door de planten gelijk- 
tijdig te oogsten zou men wel de zekerheid hebben dat ze gedurende eenzelfde tijd door 
hetzelfde milieu beïnvloed zijn, maar dit zou een kritische vergelijking van de verschillen- 
de planten ten opzichte van het gehalte dat ze kunnen bereiken onmogelijk maken. 
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1. INTRODUCTION 


When after the second world war the American maize hybrids began to become 
popular in Western Europe, also the American “maturity rating” was introduced. It 
comes down to expressing the degree of earliness of a hybrid in the number of days 
required to proceed from sowing to ripening. It soon appeared that this number of 
days is not a constant factor for a given hybrid, but that it is strongly influenced by 
latitude, weather conditions and temperature. 

At the 5th Hybrid Maize Meeting (3) this subject was introduced by L. FENAROLI 
(Italy). M. T. JENKINS (U.S. A.) said that in America the difficulties have been overcome 
by dividing the material available into nine groups and in such a way that in each 
group one well-known hybrid is included as a “type hybrid”. Every hybrid is now 
classified on the basis of its coincidence in maturation with a certain “type hybrid”. 
The Meeting has adopted this method. 

In this way a general impression can be gained about the earliness or lateness of a 
hybrid. If, however, for some reason more accurate information is wanted about the 
time of ripening or about some period of the vegetative or generative development, 
the above-mentioned classification is not sufficient. 

For plant breeders it is important to have information about the exact time of 
flowering of varieties, hybrids or strains to be crossed mutually. If the time of flowering 
differs too much, an attempt must be made at synchronisation by making the late- 
flowering partner flower earlier or vice versa. 

At the 6th F.A.O. Hybrid Maize Meeting in 1953 FERWERDA (4) reviewed the meth- 
ods applied to synchronize flowering in maize. He introduced the new possibility of 
using temperature accumulations, following the suggestions of NUTTONSON (6). The 
latter demonstrated that in considering a certain period of development of for instance 
a wheat variety over a number of years, the product of the average daily temperature 
and daylength is a much more constant factor than the number of days. On the basis 
of some results of trials FERWERDA (4, 5) could demonstrate that in the Netherlands 
the same holds true for maize. 

More detailed research concerning the practical adaptability of the “thermal unit 
accumulation” t was carried out at the C.I.L.O. (Central Institute of Agricultural 
Research) and the S.V.P. (Foundation for Agricultural Plant Breeding) in 1953, 1954 
and 1955. These experiments are discussed below. 


1) Also indicated as h.u.a. in this paper. 
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2. MATERIALS AND METHODS 


The results of the sowing time trials of the C.I.L.O. from 1949 onwards and of the 
S.V.P. from 1953 onwards provided in 1953 the figures for the computation of the 
“temperature accumulations” or “thermal unit accumulations” for the period sowing- 
flowering (2). Opinions differ as concerns the correct method of computation. As al- 
ready mentioned before, NUTTONSON (6) adds the product of daylength and the average 
daily temperature over the whole growing period considered. SEATON and HUFFINGTON 
(7) multiply the average daily temperature by 24 and add these values, thus taking 
hour-grades as units. APPLE (1) uses day-grades, i.e. the daily averages of temperature. 

By “daily average” is mostly meant the sum of maximum and minimum divided by 
2 and reduced with a constant factor. The latter is the temperature below which growth 
is arrested or at least can be disregarded. This so-called “threshold value” therefore 
cannot be included, nor, of course, can even lower temperatures. Therefore it is more 
precise to subtract the “threshold value” not after, but before the computation of the 
average of each temperature figure which is involved in the computation. Temperatures 
lower than the threshold value are then reckoned to be nil (2). 

Furthermore the 24-hour-averages have been used in the computations because it 
is known that also the night temperatures influence the development of the maize 
plant (8). As a good approach of the 24-hour-average can be considered the average 
which is obtained by adding the maximum and minimum temperatures and those 
which are read at 8.0 a.m. and at 7.0 p.m., dividing this sum by 4. 

The computation is as follows: every reading is reduced with the threshold value; 
negative results are reckoned to be nil. The average of the four numbers found in this 
way is the number of day-grades of the 24-hour period concerned. Addition of these 
results covering the growth period studied gives the heat unit accumulation of it. In 
this computation any influence which day-length might exert has been ignored delibe- 
rately (2). 

It is not clear without more explanation which threshold value should be considered 
as correct. In the U.S.A. a value of 10°C is always adopted for maize. 

In order to get more information about this question the thermal unit accumulations 
have been computed for 4 threshold values, viz. 0, 5, 7 and 10°C. 

In 1954 and 1955 the data for the computation of the heat unit accumulations were 
obtained from the sowing time trials of the S.V.P. on a field owned by the C.I.L.O. 

The data about the temperatures for the years 1949 up to and including 1953 were 
derived from the nearest meteorological station, the Laboratory of Physics and Meteo- 
rology of the Agricultural University, Wageningen. 

In 1954 and 1955 the data were derived from readings of an air and a ground thermo- 
graph (belonging to the C.L.L.O.), which had been placed in the field during the sow- 
ing. 

As flowering date of a trial field is considered the date when 50 % of the plants 
begin to shed pollen. 

The following varieties, hybrids and inbreds were sown (Table 1). 
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TABLE 1. SURVEY OF THE VARIETIES, HYBRIDS AND INBREDS, SOWN IN THE YEARS 


1949-1955 
1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 

Vroege gele ronde CB (1) + H+ + + 
Goudster (2) + res + 
W 240 P (2) 4e sE 
W 240 R (2) + 
W 255 @) | zi EE 
W 240 (2) enke (le EI IE 
W 15 (3) | | + + + 
W 51 (3) in in 
Manitoba 42 (3) + de 
W 85 (3) | Ea + ae 
WD (3) | + 
wo (3) an 
W 85 x W 15 (4) in 
WD xw9 fe) Ee 


(1) variety, (2) double cross, (3) inbred line, (4) single cross. 


3. RESULTS 


The results can best be discussed on the basis of graphs in which the computed heat 
unit accumulations of various varieties and strains have been plotted against different 
sowing dates or different years, thus resulting in a 0-, a 5-, a 7- and a 10°-line. Theoret- 
ically, for the correct threshold value such a line should be straight and horizontal. It 
is clear that there will be known and unknown factors causing deviations from that 
course (2). 

The general trend of the graphs being the same, the considerations will first be dis- 
cussed on the basis of the results obtained with Goudster (C.I.L.O. trials). Then the 
deviations in the other graphs will be discussed. 


Fios. 1 TO 3. HEAT UNIT ACCU- 
MULATION OF THE PERIOD SOWING 
TO FLOWERING OF GOUDSTER MAIZE 


bn A Ek VAA AA Jk AE I35l 1952 1953 1350 


As concerns Goudster (Figs. 1 and 2) it is striking that in choosing 0°C as threshold 
value the heat unit accumulations seem to decrease according as sowing takes place 
at a later date; when a value of 10°C is chosen, there is, contrarily, an upward trend; 
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at 7°C the line remains about horizontal. In figure 3 the course over a number of 
years and at the same sowing date has been plotted when the same variety is used. 
In this figure the years have been arranged from “cold” to “warm”; 1949 was the 
coldest year in this series, 1950 the warmest. The h.u.a. now seems to be decreasing 
again from cold to warm at a threshold value of 0°C, but to increase at 10°C. At 7°C 
the line remains fairly level. 

If this is considered as an indication that Goudster has a threshold value of 7°C, 
the following explanation is obvious: if the threshold value assumed is too low, the 
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Fiss. 4 TO 12. HEAT UNIT ACCUMULATION OF THE PERIOD SOWING TO FLOWERING OF w 85, w 15 AND 
bd 
w 85 X w 15 MAIZE 
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temperatures between the real and the accepted threshold value are included as being 
effective (although this is incorrect). The h.u.a. will therefore appear to be too high. 
In a cold period, or when sowing takes place early and in a cold summer, these tem- 
peratures below the threshold value occur more frequently than in a hot year. Con- 
versely if the threshold value assumed is too high, the temperatures between the real 
and the accepted threshold value are neglected, although they are indeed effective. 
Now the h.u.a. will be too low. This time the greatest error is made in a cold period 
because then these temperatures will occur more often than in a warm period. The 
h.u.a. in figures 1, 2 and 3, computed on the basis of a threshold value of 10°C shows 
a line of positive slope, both when comparing an early sowing with increasingly later 
sowings, and also a cold year with successively warmer years (2). A temperature of 
7°C seems to be the best estimate of the actual threshold value in this case. 

The foregoing results are also entirely in agreement with the observations on a 
number of inbreds and single crosses. Graphs show the data for W 85, W 15 and 
W 85 x W 15 (Figs. 4, 5, 6,7, 8, 9, 10, 11, 12) drawn on the basis of data from 1953, 
1954 and 1955. The graphs for 1953 and 1954 closely resemble each other. In 1955 
the 0° line for both strains and their single crosses is, as it were, “dropping from the 
skies”. This is understandable if it is borne in mind that the spring of 1955 was 
extremely cold, which involved that in the thermal unit accumulations computed on 
the basis of O°C as threshold value, many temperatures have been included, which 
are below the actual threshold value. These temperatures are not in the least effective. 
For W 85 x W 15 the threshold value seems to approach 7°C, for W 15 more near 
ROG. 


Figs. 13 AND 14. HEAT UNIT ACCU- 
MULATION OF THE PERIOD SOWING TO 
FLOWERING OF W 51 MAIZE 


500 
Zh AC 2 AGAIN on ij, 2 A 


The graphs for W 51 in 1953 and 1954 (Figs. 13 and 14) exhibit much less similarity. 
If the course of the lines in 1953 indicates that the threshold value for W 51 is still 
above 10°C, in 1954 the 5°C line already runs nearly horizontal, which would suggest 
a threshold value of somewhat more than 5°C. 

A distinct h.u.a., the magnitude of which is determined deneticalls seems to be 
necessary to bring a maize variety to bloom (2). 


In 1955, as a first practical application, an attempt has been made to synchronize 
flowering of W 85 and W 15, by sowing them with such an interval that the quantity 
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of heat in that time was equal to the difference in h.u.a. of the two strains. The same 
has been done with the crosses W 85 x W 15 and WD x W 9 (Table 2). As h.u.a. 
for the strains and crosses concerned was assumed the average of the heat unit accu- 
mulations of these strains and crosses as they have been computed for the different 
sowing dates of the sowing time trial in 1954. The computations have been carried 
out on the basis of both soil temperatures and air temperatures, assuming a threshold 
value of 7°C. 


TABLE 2. HEAT UNIT ACCUMULATIONS in 1954 


Acc. to Acc. to Acc. to Acc. to 

soil temp. air temp. soil temp. air temp. 
WSO AEN 1008 769 WD xW9 1009 ia 
WISST be 0e 925 719 W85 x WIS 911 699 
Difference 83 | 50 Difference 98 78 


On 16th May W 15 and WD x W 9 were sown. The heat unit accumulations were 
computed at regular intervals : 


Temp. 8.0 a.m. + temp. 7.0 p.m. + max. temp. + min. temp. 
4 


both on the basis of the soil and air temperatures registered. On 31lst May the “soil 
h.u.a.”” appeared to be 83, and the “air h.u.a.” 50, so that both indicated the sowing 
of W 85 on the same date. The same results were obtained with W 85 x W 15: on 2nd 
June both “soil” and “air h.u.a.” indicated that sowing should be done. This proves 
that it is not necessary to register soil temperatures, but that the recording of air tem- 
peratures suffices, provided sowings are always made on the same soil type. 

It was unfortunate that W 15 emerged so badly that the trial could not be continued 
with this strain. 

WD x W9and W85 x W 15 flourished better and could be crossed reciprocally 
during flowering time. This result is the more favourable as synchronization of flower- 
ing by means of periodical sowing of the partner which flowered earliest left much to 
be desired in this year owing to the cold spring weather. 

When the totals of the heat unit accumulations (sowing-flowering) for W 85 in the 
years 1953, 1954 and 1955 (Figs. 10, 11 and 12) are compared, it is striking that it was 
lowest for the threshold value of 0°C in 1953. 

This is demonstrated by the graphs and the table 3. 


TABLE 3. THERMAL UNIT ACCUMULATION IN THE YEARS 
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1953-1955 
Threshold value 1953 1954 1955 
0°C 1290 1357 1345 
Se 916 | 901 938 
TG 743 711 813 
10°C 538 469 575 
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The difference between 1953 and 1954, however, is not great and can practically be 
neglected if 5 and 7°C are accepted as threshold values. This can be explained by the 
fact that the year 1954 was colder than 1953. So this is an example of the above- 
mentioned fact, viz. that in a colder year, on assuming too low a threshold value (i.e. 
0°C), more temperatures which have no value for growth, are included in the h.u.a. 
than in a warmer year. 

If 1955 is included in the consideration, something contradictory arises, for, not- 
withstanding in 1955 about the same temperature prevailed as in 1953, the h.u.a. for 
the different sowing dates and threshold values are higher than the corresponding heat 
unit accumulations in 1953 and even higher than those of 1954, which was a much 
colder year than 1955. In this connection it should be mentioned that in 1954 the sum- 
mer months in particular were very cold, whereas the temperatures in the spring 
(during and after sowing) were higher than in 1955 when a cold easterly wind blew for 
a long time and was followed by a very warm, dry summer (which is exceptional in the 
Netherlands). 

In addition the sowing trial of 1955 was laid out on a cold and wet soil (in 1953 and 
1954 on light sandy soil). The temperatures in this type of soil rise much slower than in 
sandy soil. In this case a ground thermograph would have been necessary in addition 
to the air-thermograph used in order to provide the relationship between air- and 
soil temperature. However, it is understandable that a wet soil is being heated at a 
slower rate than a dry light soil. And in its turn this is the cause of the higher heat 
unit accumulations. Were the heat unit accumulation of ail strains changed to the 
same extent, no difficulties would arise, because it is always a question of differences 
in the heat unit accumulations between two strains. However, it appears that one 
strain is more handicapped by bad soil conditions than an other. 


TABLE 4. HEAT UNIT ACCUMULATIONS FOR 7°C THRESHOLD IN 1954 AND 1955 


1954 1955 
Difference Difference 
WEES 711 813 
AAT ELI RN AE 770 59 867 54 
W85 xWI5 .. 699 | 788 
VIOD zi 78 897 109 


The difference between the heat unit accumulations of W 85 and W 15 in both years 
is therefore small, but great between those of W85 x W 15andW9 x WD. 

The h.u.a.’s computed on the basis of the temperatures of an air thermograph can 
be used to advantage when the exact date of sowing of two strains has to be ascer- 
tained, provided the sowings are always done in the same type of soil. If this is not so, 
a better value for the h.u.a. of a strain will be found by adding the h.u.a. sowing- 
emergence, on the basis of soil temperatures, and the h.u.a. emergence-flowering com- 
puted on the basis of data obtained with an air thermograph. Theh.u.a. thusestablished 
is more accurate than that which is based only on air temperatures. However, the 
way of computation is more cumbersome. 
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Every year maize breeders are facing the problem of trying to synchronize flowering 
of strains, hybrids and varieties to be crossed. Sowing in stages of one of the partners 
is the method most applied. In general this method gives good results, but there are 
years, such as 1954, when synchronization according to this method does not produce 
the results desired. The author discusses the possibilities to use heat unit accumula- 
tions for the synchronization of flowering of strains, hybrids or varieties to be crossed 
mutually. 

Sowing time trials over a number of years, conducted by the C.L.L.O. and the S.V.P. 
procured the data for the computations of the heat unit accumulations. Computations 
are made for threshold values of 0, 5, 7 and 10°C. It appeared that not all treatments 
have a similar threshold value, but that there are no great differences. In general they 
are approaching temperatures of 7 to 10°C. 

On assuming too low a threshold value the heat unit accumulations will appear to 
be too high, because temperatures are included which do not influence the develop- 
ment. This effect will be more prominent when more of these temperatures occur, for 
instance in a cold year or a year when sowing has taken place at an earlier date. In 
consequence the total of the heat unit accumulations can be seen to decrease, accord- 
ing as it is computed in a warm year or for a later sowing date. Conversely the heat 
unit accumulations will appear to be too low when a high temperature is assumed. 

If the precise threshold value is accounted for, the heat unit accumulation is equal, 
apart from the year or date of sowing. 

In 1955 a complete synchronization of the flowering of W 85 x W 15 and W 9x WD 
was obtained by sowing them with such an interval as was indicated by the difference 
in the heat unit accumulations sowing-flowering in 1954. The computation of these 
heat unit accumulations was carried out on the basis of both air- and soil tempera- 
tures. It appeared that the air-temperatures alone are sufficient, provided sowing is 
done on the same type of soil as the previous year. 

A more accurate heat unit accumulation can be computed from the addition of the 
heat unit accumulation sowing-emergence (soil temperatures) and emergence-flower- 
ing (air temperatures). 


SAMENVATTING 
Berekening van warmtesommen voor praktische toepassing bij mais 


leder jaar staan de maïskwekers weer voor de opgave te zorgen, dat de stammen, 
hybriden of rassen, die ze met elkaar willen kruisen, gelijktijdig bloeien. Trapsgewijze 
uitzaai van één van de partners is de meest toegepaste methode. Over het algemeen 
geeft deze methode goede resultaten. Er zijn echter jaren, zoals 1955, waarin synchro- 
nisatie volgens deze weg niet het gewenste resultaat oplevert. In bovenstaand artikel is 
de mogelijkheid besproken om gebruik te maken van warmtesommen voor het syn- 
chroniseren van de bloei van onderling te kruisen stammen, hybriden of rassen. 

Zaaitijdenproeven uitgevoerd door het CI.L.O. en de S.V.P. over een reeks van 
jaren leverden de gegevens voor de berekening van de warmtesommen. Een berekening 
is gemaakt voor 0°C, 5°C, 7°C en 10°C als drempelwaarde. Hierbij bleek, dat niet 
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alle objecten eenzelfde drempelwaarde bezitten, maar dat de verschillen niet groot zijn. 
Over het algemeen liggen ze in de buurt van 7°-10°C. 

Als een te lage drempelwaarde wordt aangenomen valt de warmtesom te hoog uit, 
omdat temperaturen, die geen invloed op de ontwikkeling uitoefenen, worden mee- 
geteld. Dit zal zwaarder wegen, naarmate meer van deze temperaturen voorkomen, 
dus in een koud jaar of binnen één jaar bij vroegere zaai. We zien in dit geval dan ook 
de grootte van de warmtesom dalen, naarmate ze berekend is in een warmer jaar of 
voor een latere zaai. 

Omgekeerd valt de warmtesom te laag uit wanneer een te hoge drempelwaarde 
wordt aangenomen. 

Brengen we de juiste drempelwaarde in rekening dan is de warmtesom gelijk, onge- 
acht het jaar of de datum van zaaien. 

In 1955 werd volledige synchronisatie van de bloei van W85 x WISenW9 x WD 
verkregen door deze hybriden uit te zaaien met een zodanige tussenpoos als werd aan- 
gegeven door het verschil in warmtesom zaai-bloei in 1954. De berekening van deze 
warmtesom geschiedde aan de hand van lucht- zowel als van grondtemperaturen. Het 
bleek, dat met de luchttemperaturen alleen kan worden volstaan, mits men zaait op 
hetzelfde type grond als het jaar tevoren. 

Een nauwkeuriger warmtesom wordt berekend uit de optelling van de warmtesom 
zaai-opkomst (grondtemperaturen) en van die van de opkomst-bloei (luchttempera- 
turen). 
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INTRODUCTION 


In breeding Atropa belladonna for high alkaloid content it is of importance to know 
whether the alkaloid content is affected by the environment. ROMEIKE (4) is of the 
opinion that environment has only a slight effect on the occurrence, distribution and 
content of active components in alkaloid containing Solanaceae, as compared with the 
influence of the genetical constitution. From data obtained from field experiments 
with Atropa belladonna we gained the same impression. Therefore we tried to ascertain 
the influence of temperature on growth and alkaloid content of Atropa belladonna. 

À preliminary experiment was carried out in 1953, followed by more detailed ex- 
periments in 1954 and 1955. The results were in agreement with each other, so it will 
suffice to discuss the 1955 experiments only. 


MATERIAL AND METHODS 


The experiments were carried out on yellow-flowered Atropa belladonna L. sown on 
May 13, 1955, at 20°C. The plants were pricked off into pots on June 9 and 10. A 
number of 300 phenotypically identical plants were grown at each of three constant 
temperatures, viz. 20°, 23° and 26°C. The experiments were carried out in air-con- 
ditioned glasshouses in the phytotron of our Institute (1). The maximum deviation 
from the mean temperature was about 1°C. The air humidity was kept at 70 %, with 
a deviation from the mean of about 10 %. As the alkaloid content is not constant 
during the growth of the plants, it was necessary to harvest the plants at each tem- 
perature in the same developmental stage (3). The entire aerial part was harvested in 
the following stages: 


a. in the vegetative stage when the plants bear about 10 leaves; 

b. at the moment at which the plants have about 1 or 2 flower buds; 

c. when the plants flower and each plant bears 1 or 2 fruits. Pollination had to be 
carried out by hand, since out-of-doors Atropa belladonna is an insect-pollinated 
plant; 

d. in the stage in which the plants flower and bear 6 or 7 fruits per plant. 


Harvest was replicated eight times, at each temperature and developmental 
stage. Five out of eight replicates consisted of nine plants, whereas the remaining three 
replicates consisted of ten plants each. Consequently a total of 75 plants were gathered 
in each harvest at each temperature. As the alkaloid content, even in phenotypically 
identical plants, may fluctuate considerably, this number of plants and replicates per 


276 


GROWTH AND ALKALOID CONTENT OF ATROPA BELLADONNA L. 


harvest was considered necessary by our statistician to obtain mathematically reliable 
results. 

In each harvest the number of leaves, flower-buds and fruits were counted per plant. 
In addition the height of each plant was measured whereas weighings were made per 
replicate. These data were averaged per replicate and then averaged per developmental 
stage at each temperature. 

For a determination of the total alkaloid content the material was cut fine per repli- 
cate. After mixing, a sample was dried at 60°C. The alkaloid content was determined 
using the method of DiJksTRA (2). 

The results of the experiments have been analysed mathematically. 


EXPERIMENTAL RESULTS 


The most favourable temperature for plant development was 23°C, followed by 
26° and 20°C. Consequently the developmental stages in which the plants were 
harvested were reached first at 23°C, then at 26°C and finally at 20°C. The averages 
of the data obtained at each temperature in the successive harvests are shown in 
Table 1. 


TABLE 1. EXPERIMENTAL DATA ABOUT THE INFLUENCE OF TEMPERATURE ON THE DEVELOPMENT AND 
ALKALOID CONTENT OF Afropa belladonna L. 


Average 
Average | Average ADE A NoRee Average | Average dee en Mean | Mean % 
Riatvest plant BDE Solon: Sn ODE nueDer ene Wee Zane gk voel 
dates height Ee leaves | flower- Rones HRE Aen Beal be des ì 
in cm p. plant | buds : 
p. plant (not p. plant | P: plant | p. plant part part weight | matter 
weighed) | p. plant | p. plant 

20°C | | 

1-8-'55 8.9 11.6 — | — — — WS 1.24 12 0.222 
15-855 24.5 15.6 152 1.8 — — 36.9 DEP 127 0.233 
30-855 52.6 20.0 4,8 10.1 | lS) 2.0 70.4 6.59 107" 1 0978 
17-955 2 40.7 5.4 10.1 | 4.7 11.4 119.9 13575 8.8 0.300 
BC 

5755 el 10.7 — — — — 1251 0.92 (Sail 0.231 
[0-8-’55 24.4 14.6 Deil LG — - 36.2 3.03 F2 0.252 
4855 46.7 17.8 5.0 6.6 1.4 1.6 62.0 5.70 10.9 0.297 
[0-9-55 74.8 41.5 5.8 15.8 6.6 14.4 IRKOES 13.26 9.0 0.336 
26°C 

8755 6.0 Di — — — = OM 0.76 12.8 0.235 
[2-8-55 22.6 14.8 1,5 1.4 — — 3305 2.93 11.4 0.251 
17-855 429 | 181 4.8 DE), 0.8 155 56.5 AOS 0.288 
4955 714 40.5 50 | 264 6.9 ISS 110.2 11.44 0.7 0.314 

Plant height 


There are distinct differences in plant height between the successive harvests at each 
temperature (Fig. 1). Moreover it appears that the plants in the first and third harvest 
are taller at 20°C than at 23° and 26°C, whereas there is no difference in height 
between 23° and 26°C. Nor are there any differences in height in the second and fourth 
harvest between 20°, 23° and 26°C. It should be noted that by differences we mean 
mathematically reliable differences. 
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PLANT HEIGHT IN CM FG. 1. INFLUENCE OF THE TEMPERATURE ON THE 
80 AVERAGE PLANT HEIGHT 
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In the first and third harvest at 20°C the average number of leaves, flower-buds, 
flowers and fruits was highest, in other words the first and third harvest at 20°C were 
carried out somewhat later than the corresponding harvests at 23° and 26°C. This 
might account for the differences in plant height in the first and third harvest between 
20°C on the one hand and 23° and 26°C on the other. 


Yield of dry matter per plant 


The mean weight of dry matter (Fig. 2) in the first and third harvest is higher at 
20°C than at 23° and 26°C, whereas there are no differences between 23° and 26°C. 
These differences in weight of dry matter may be explained in the same way as those 
in plant height mentioned above. 

In the second harvest there are no differences between 20°, 23° and 26°C, while in 
the fourth harvest there were no differences between 20° and 23°C in the mean weight 
of dry matter, which is clearly lower at 26°C than at 20° and 23°C. 


The mean alkaloid content 


The mean alkaloid content of the dry matter in each harvest at the different tem- 
peratures is plotted in Fig. 3. It appears that the alkaloid content increases in the 
successive harvests at all temperatures. In the first harvest there are no differences in 
the alkaloid content at the different temperatures. In the second harvest there are no 
differences between 23° and 26°C, while the alkaloid content is clearly lower at 20°C 
than at 23° and 26°C. In the third harvest it is higher at 23° than at 20°C; there are no 
differences between 26° and 23° or 20°C. In the fourth harvest there is no difference 
between 20° and 26°C, while the alkaloid content was highest at 23°C. 
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INFLUENCE OF THE TEMPERATURE ON THE INFLUENCE OF THE TEMPERATURE ON THE 
MEAN DRY WEIGHT OF THE AERIAL PARTS OF MEAN ALKALOID PERCENTAGE OF THE AERIAL 
THE PLANTS PARTS OF THE PLANTS 
DISCUSSION 


The experiments have shown that the rate of development of Atropa belladonna is 
influenced by temperature. The most favourable temperature was 23°C, for at this 
temperature the successive developmental stages were reached first. Both at 20° and 
26°C the plants developed more slowly. At 20°C growth was slowest, while tempera- 
tures lower than 20°C are too low for normal development of Atropa belladonna, as was 
observed in the preliminary experiment of 1953. Plant height as well as yield of dry 
matter in a certain developmental stage are not likely to be influenced by temperature. 
Consequently ín a certain stage of development there is, under the conditions of these 
experiments, a more or less fixed plant height and weight of dry matter, independent 
of the temperature at which the plants have been grown. 

The alkaloid content increased at all temperatures as the plants developed, the 
highest content being reached at the temperature at which development was most 
rapid, ie: at. 23°C. 

The differences in alkaloid content which exist between the different temperatures 
are of little practical use in growing Atropa belladonna. However, the difference in 
alkaloid content between the various developmental stages are so great that they 
should certainly be taken into account in practical growing. 

Finally it should be noted that the course of the alkaloid content at the constant 
temperatures used in the present experiments deviates from the course of the alkaloid 
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content in plants grown out of doors, in which this content decreases after flowering 
or at any rate after the appearance of the first berries (3). 


SUMMARY 


In breeding Atropa belladonna for high alkaloid content it is of importance to know 
whether the alkaloid content is affected by the environment. Therefore some experi- 
ments on the influence of temperature were carried out in the phytotron of our Insti- 
tute. As the results were in agreement with each other only one experiment is discussed. 
in which the influence of three constant temperatures, viz. 20°, 23° and 26°C, on 
growth rate, dry matter, and alkaloid content of yellow-flowered Atropa belladonna L. 
was studied. 

It was found that development was quickest at 23°C, followed by 26° and 20°C. 
Temperature had little or no effect on the height of the plants and weight of dry matter 
in the corresponding developmental stages. The highest alkaloid content was reached 
at 23°C; at 26° and 20°C the alkaloid content was lower. The differences were slight 
but mathematically reliable. 


SAMENVATTING 


Invloed van de temperatuur op de groei en het alkaloïdegehalte 
van eenjarige Atropa belladonna L. 


Voor de veredeling van Atropa belladonna op een hoog alkaloïdegehalte is het van 
belang te weten of de uitwendige omstandigheden invloed uitoefenen op het alkaloïde- 
gehalte. Derhalve zijn in het fytotron van ons instituut enkele proeven genomen 
waarin de invloed van de temperatuur werd bestudeerd. Aangezien de resultaten met 
elkaar in overeenstemming waren, is volstaan met het weergeven van de uitkomsten 
van één proef waarin de invloed werd bestudeerd van 3 constante temperaturen (20°, 
23° en 26°C) op de groeisnelheid, het drooggewicht en het alkaloïdegehalte van geel- 
bloemige Atropa belladonna L. 

Gebleken is dat de ontwikkeling het snelst was bij 23°C, vervolgens bij 26° en 
20°C. De temperatuur had weinig of geen invloed op de hoogte van de planten en 
het gewicht aan droge stof in de overeenkomstige ontwikkelingsstadia. Het hoogste 
alkaloïdegehalte werd bereikt bij 23°C; bij 26° en 20°C was het gehalte lager. De 
verschillen waren gering, doch wiskundig betrouwbaar. 
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1. INTRODUCTION 


The two-rowed spring barley Balder bred at the Plant Breeding Institution Weibulls- 
holm, Landskrona, Sweden, is distinguished by the conspicuous green colour of the 
foliage during the growing period. The red colour (anthocyanin), more or less clearly 
visible in the other barley varieties figuring in the Netherlands List of Varieties and 
which is manifest in the leaf sheaths, the culm nodes, the auricles, the awns and in 
the nerves of the dorsal lemma of the kernel, is lacking in the variety Balder. 

The difficulties arising from its impurity, at least according to Dutch requirements, 
had become evident as early as 1947, the year of its official introduction in the Nether- 
lands. The sowings produced a fair number of plants with anthocyanin, which often 
also showed themselves by being taller and lighter green when compared with “nor- 
mal” Balder plants. 

This impurity was an undesirable feature, not only in connection with the field 
inspections, but also because Balder had very good quality as a malting barley for 
which purity is required as well. 

In order to meet the above-mentioned requirements the Director of the Plant Breed- 
ing Station “Centraal Bureau”’,!) Ir. C. KOOPMAN, took the initiative in making a 
start with the purification of the barley variety Balder, with the permission of the 
breeder, in 1949. 


2. METHODS AND RESULTS 


Some 5,000 ears were selected from a harvest-ripe multiplication of breeder’s seed 
for foundation seed. In this selection process notes were taken of the absence of antho- 
cyanin. 

In the spring of 1950 the ear selections were sown on rows of 15 m. length, 35 cm. 
apart. In connection with the danger of spontaneous cross pollination some 50 selec- 
tions with anthocyanin were removed prior to flowering. In most of these selections 
all plants showed the red colour; however, also some rows occurred containing plants 
both with and without anthocyanin (absence of anthocyanin is due to one pair of 
recessive genes). 

Of the remaining anthocyanin-free ear selections 173 were eventually retained. The 
remaining ear selections which were mixed at the harvest produced the breeder’s seed 
(-= 1,000 kg. net). 


1) Representative of the Weibull firm in the Netherlands. 
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3. THE TRIAL YEAR 1951 


The lines, 173 in number, which were harvested separately, were sown in adjacent 
plots of 10 to 20 m?. according to the seed available, without replications, in 1951. 

In accordance with the observations of the previous year it appeared again that 
within the variety Balder there were a great number more or less clearly different types. 
The differences in the field concerned leaf colour, inclination of the leaf, straw length, 
ear length, inclination of the ear (nutans or erectum type), date of heading (Fig. I), 
maturity and stiffness of straw. This heterogeneity may be explained by considering 
the fact that the variety Balder was selected from a young generation of a hybrid 
population. 


Fi. 1. DIFFERENCES BETWEEN LINES OF THE BARLEY VARIETY BALDER IN REGARD TO THE 
TIME OF HEADING 


All lines were checked for the absence of anthocyanin, until the period of heading. 
One selection had to be rejected entirely prior to flowering since a great number of its 
plants contained anthocyanin. The other 172 lines were quite pure for absence of 
anthocyanin. At the harvest 49 of these lines were discarded owing to weak straw and/ 
or late maturity. The breeder’s seed was obtained from the remaining selections. 


4. THE TRIAL YEAR 1952 


In 1952, 50 lines which (relatively) had given the best impression in the previous 
year, were once again tried at Hoofddorp. For this purpose they were divided into two 
series of 25 lines each. The series were sown in 5 replications while the separate plots 
covered an area of 10 m?. Every line was also increased on a plot of + 25 m?. 
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Fig. 2. Series 1 107 Series II 
VARIATION IN THE RELATIVE MEAN KERNEL hd 


YIELDS OF THE BALDER LINES TRIED IN 5 
REPLICATIONS AT HOOFDDORP IN 1952 
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In this year also clear differences between the lines could be established, among 
other things in straw stiffness. In the five replications the lines of series 1 and series II 
respectively showed on average the same degree of attack by mildew and dwarf rust 
(Puccinia simplex). 

In figure 2 the mean relative grain yield of the lines is presented for both series 
separately. For each series the mean grain yield of all 25 lines was fixed at 100 (series 
I: 3.90 kg.; series II: 4.27 kg.). In the diagram the 95 % confidence limits for difference 
in yield are also indicated, for both series. These values are + 3.9 for series land + 4.2 
for series II. 

From the above it can be concluded that in 1952 great differences occurred also in 
production capacity of the Balder lines. 

Table 1 gives a survey of the trial field results for the 10 lines which were kept for 
further trials in 1953. A difference in soil fertility was clearly manifest in the stand of 
the barley crop and hence the figures for straw stiffness in series 1 are in general higher 
than in the case of series II. 
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TABLE 1. RESULTS OBTAINED AT HOOFDDORP IN 1952 WITH 10 BALDER LINES 


Balder line Grain yield Sten 5 ES atie 

Series [*) 

Balderss0 Senn 103 12, | 7.0 
SOE ere 105 Zoll 71.0 
zn SOS 105 | 6.9 6.0 
SO trant 107 6.7 6.5 
OS 105 oil 6.5 

Mean of series 100 7.0 6.7 

Minimum value . 91 6.4 6.0 

Series II) 

Balder 50.6 . . . 104 6.1 7.0 
sr Te 106 6.1 7.0 
SEN N o o 104 5.9 6.5 
OO 102 6.4 6.5 
EO OMR 103 6.4 7.0 

Mean of series 100 6.1 6.8 

Minimum value . | 97 5.4 6.0 


1) 95% confidence interval for yield is + 4. 
2) High figures are favourable. 


The breeder’s seed obtained in 1952 by mixing the lines tried, with the exception of 
some lines which had a low figure for yield as well as for straw stiffness, was disinfected 
with warm water and sown for multiplication to foundation seed in the Wilhelmina 
polder*) in 1953. 

As from the years 1950 up to and including 1952 had appeared that the Balder lines 
differed more or less widely in production capacity, straw stiffness, etc., it could be 
assumed that the malting quality would show similar fluctuations. Having in mind the 
significance of Balder as a malting barley — a purpose for which it was used as early 
as 1952 in our country — it was highly desirable to assay the malting quality of the 10 
lines which had been retained. Only after additional trials in 1953 and 1954 it would 
be justified in that case to restrict the material to one line. 

The National Committee for Malting Barley)? (NaCoBrouw) was willing to examine 
the malting quality. 

The results®) obtained from the 10 samples derived from the trial field at Hoofd- 
dorp in 1952 are published in an article (in Dutch, with English summary) in the Year- 
book of the NaCoBrouw (1), in which the malt analyses are tabulated. The results of 
the examination into the malting quality were as follows. 

It appeared that none of the samples could be considered as malting barley since 
the kernels were too light and the gradings very moderate. The differences between 

1) Thanks are due to the Direction of the N.V. Landbouw Mij “De Wilhelminapolder” for its 


cooperation with the maintenance and multiplication of the Balder lines and also to MR F. DE GROENE 
for his careful upkeep of the trial fields. 


®) Thanks are due to the NaCoBrouw (in particular to MR A. TH. KORTENHORST) for the exami- 
nation of malting quality in the years 1952-1954. 

®) The results of the barley and malt analyses of the Balder lines for the years 1952 up to and in- 
cluding 1954 have been included in this article with the permission of the NaCoBrouw. 
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the lines were very small. The mean sieve fractions for the 10 selections were as fol- 

lows: 4.3 (D); 48.0 (ID); 43.6 (ID); 4.0 (IV); 52.3 (Il + IT). These gradings compare very 

unfavourably with the sample of Balder derived from the malting barley region. This 

sample showed the following figures: 36.7 (D); 55.5 (LD); 7.7 (HI); 0.1 (EV); 92.2 (I + ID. 

The malt analyses relate to one trial field only, while the lines 50.1 to 50.5 inclusive 

were also classified in a different trial series from 50.6 to 50.10. 

On the 1952 malt analyses, however, the 10 Balder lines could be classified as fol- 
lows, according to their differences with the standard Balder: 

1. Most similar, according to Kolbach index and diastatic power, were the lines 50.1, 
50.3, 50.4 and 50.7; 

2. Fairly similar were the Îines 50.8, 50.9 and 50.10. Their Kolbach indices were lower 
than those of the selections mentioned under 1. The lower extract was conspicuous 
for line 50.9; 

3. The lines 50.2 and 50.5 were deviating; among other things they had a low diastatic 
power; 

4. The line 50.6 was strongly deviating. This selection had the lowest Kolbach index, 
while the figures for the diastatic power, the final degree of fermentation and the 
malt yield were also low. The wort was highly opalescent. 


5. THE TRIAL YEAR 1953 


The lines 50.1 up to and including 50.10 were sown in 5 replications of 10 m?°. at 
Hoofddorp in 1953, in order to compare them once again. The original variety Balder 
was included as a standard. 

Plots of 400 to 500 m? of each of the 10 iines were sown in the Wilhelminapolder. 

The results obtained with the trials at Hoofddorp are presented in table 2. 


TABLE 2. RESULTS OBTAINED FROM THE BALDER LINE TRIAL FIELD AT HOOFD- 
DORP IN 1953 


7 Relative Straw Date of y 
EEG grain yield’) | _stiffness®) heading se 

50.1 98 ES 7/6 6.5 
50.2 99 7.0 8/6 5.8 
50.3 101 6.8 7/6 6.0 
50.4 102 Ue) 1/6 6.5 
50.5 102 6.3 8/6 6.0 
50.6 101 6.8 8/6 6.5 
50.7 99 6.8 716 6.5 
50.8 95 7.0 6/6 6.5 
50.9 100 7.0 716 5.8 

| 50.10 102 Ie) 8/6 6.3 

|| Standard 

| Balder 101 65 7/6 5.8 

| 1) The mean yield of all the trial numbers is fixed at 100. The 95% confidence interval for yield 

is =E5: 

| 2) A high figure is favourable. 


If the line 50.8 is left out of consideration, no differences in yield of mathematical 
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significance appear to have occurred between the lines. It is true that there were clear 
differences in straw stiffness. The standard Balder has the lowest figure for stiffness, 
with the exception of line 50.5. However, the relative resistance of selections to lodging 
differs in the two years (see also table 1). 

For the malting quality test in 1953 the samples were taken from the multiplication 
plots situated in the Wilhelmina polder. 

A sample of Balder barley derived from the international NaCoBrouw-trial fields 
at Steenbergen (province of Noord-Brabant) served as a standard. 

From the analyses it appeared that the quality of the barley in 1953 was very good. 
The mean percentage for fraction (L+-1I) amounted to 90.8 (in 1952 it was 52.3). The 
mean percentage of waste was only 2.0. The differences in the protein contents between 
the lines (which could be considered normal) did not agree with those found in 1952. 

When the lines were worked up to malt there was not the slightest difference. Ger- 
mination took place rapidly and regularly, although somewhat slower (relatively) in 
the case of the lines 50.1 and 50.6. The line 50.1 also showed a somewhat inferior 
solution than the others. The lines 50.2 and 50.5 had a less favourable malt analysis. 
Both numbers had a low diastatic power, as had been the case in 1952. Especially the 
line 50.5 had a low extract yield and Kolbach index in both years. The wort of line 
50.3 was slightly opalescent whereas in 1952 it had been clear. 

The lines 50.1, 50.4, 50.6, 50.7, 50.8, 50.9 and 50.10 had a good malt analysis. As 
with 50.3, the kernel gradings of the lines 50.4, 50.7 and 50.8 were very good; in 1952 
the lines 50.1, 50.3, 50.7 and 50.8 had come to the fore in this respect. The kernel 
quality of line 50.10 was least good in both years. 

It is remarkable that in 1953 the selection 50.6 had a good malt analysis whereas it 
had the most unfavourable figures in the previous year. 

Because the results of the malting quality tests 1953 could not be known for some 
time after the harvest, the lines were chosen on the basis of the trial field data of 1952 
and 1953 and with the aid of the barley and malt analyses of 1952. This facilitated the 
handling of the multiplication plots of the 10 lines in the Wilhelmina polder. 

It was decided to eliminate the selections 50.6 (with a bad malt analysis) and 50.8 
(with a relatively low yield in 1953) in the composition of the breeder’s seed. This was 
achieved by adding the lines 50.1, 50.2, 50.3, 50.5, 50.7, 50.9 and 50.10 together. The 
line 50.4 was destined only for multiplication to breeder’s seed, since this number had 
given the best impression in 1952 and 1953, as far as kernel yield and straw stiffness 
were concerned, while also its malt analysis was good. 

After the barley and malt analyses of 1953 had become known the lines 50.1, 50.2, 
50.5 and 50.10 were excluded from further trials. Line 50.1 gave on average a relatively 
low yield over the two years. The selections 50.2 and 50.5 had a less good malt analysis, 
while the kernel gradings of 50.10 were not good enough. 


6. THE TRIAL YEAR 1954 


In this year the lines 50.3, 50.4, 50.7 and 50.9 were again compared in 6 replications 
of 9 m?. at Hoofddorp. The four lines were maintained in the Wilhelmina polder. The 
results together with those of the years 1952 and 1953 are presented in table 3. 

In this table the mean yield figures are given for the period 1953-1954, since in 1952 
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TABLE 3. YIELD AND STRAW STIFFNESS OF 4 BALDER LINES FOR THE YEARS 1952 UP 
TO AND INCLUDING 1954 AT HOOFDDORP 


f Standard 
Balder line 50.3 50.4 50.7 50.9 Balder 
Grain yield 1952 105 107 Ak MOGEN IM AO 20 ON 
1953 102 102 De La vab O0 Ajkari0r 
1954 | _102 O8 04e Ie COR 99 
Mean over 1952/1954 (O3 nl O 2 we TOE er NeR LOO = 
Mean over 1953/1954 102 100 | 101 99 100 
Straw stiffness 1952 GEEL th Ge 6.1 6.4 — 
1953 GESME NK 5 erts BAO) 6.5 
1954 167 7.4 104 nie KTA 6.4 
Mean over 1952/1954 | 68 Toe in Gree RGO = 
Mean over 1953/1954 6.8 7/85 | 6.9 IRD 6.5 


the standard Balder had not been included in the trial series. The same holds for the 
assessment of the straw stiffness, in connection with the fact that in 1952 the lines 50.3 
and 50.4 were included in another series than 50.7 and 50.9. 

The differences in yield between the lines 50.3, 50.4 and 50.7, when taken as a mean 
for the years 1952 up to and including 1954, appear to be slight. This also holds for the 
differences between these three selections on the one hand and the standard Balder on 
the other. Of the four lines mentioned in table 3 the mean straw stiffness over the 
years 1953 and 1954 is better than that of Balder. Line 50.4 had the highest figure. 

Ultimately it was decided to discard the lines 50.3 and 50.9; the first owing to its 
less favourable malt analysis in 1953 (the wort was then weakly opalescent), the second 
as the mean yjeld over the period 1952-1954 was somewhat inferior. The small lots of 
multiplication in the Wilhelminapolder, derived from the two selections, were added 
to the Balder multiplication foundation to registered seed 1954. 

Although as early as 1953 the preliminary choice had fallen on line 50.4, yet line 
50.7 was still kept in reserve, in expectation of the barley and malt analyses in 1954. 
Also these samples were derived from the Wilhelminapolder, 

Two samples of the “normal” variety Balder were included in the malting quality 
test, as comparison. One came from Klundert (Noord Brabant), the other from Wil- 
helminadorp. 

From the malting analyses it appeared that the percentage of rootlets in the lines 
50.4 and 50.7 was lower than that of the standard samples. The slow germination may 
be ascribed presumably to the inferior barley quality, due to the bad harvest conditions 
in 1954. 

The high Kolbach index of the standard sample from Wilhelminadorp was caused 
by an attack of the fungus Helminthosporium sativum PAMM. 

There were only slight differences in malt analyses between the two lines. Both selec- 
tions which were very similar to the standard sample from Klundert could be said to 
have technically good malt properties, which was in agreement with findings of the 
malting quality test in 1953. 

Line 50.4 had a somewhat higher extract yield and a somewhat lower protein con- 
tent than line 50.7. This fact also made the preliminary choice of line 50.4. of the pre- 
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vious year conclusive in 1954. The foundation seed of the variety Balder harvested in 
1955 was obtained by multiplication of the line 50.4 only. 


SUMMARY 


For the improvement of the purity of the Swedish barley variety Balder, a selection 
within this variety was started at the Plant Breeding Station of the “Centraal Bureau” 
at Hoofddorp in 1949. 

During the period 1950-1954 it appeared that a large number of types occurred 
which differed more or less distinctly from each other. The differences concerned in- 
clination and colour of the leaves, length of straw, date of heading, stiffness of straw, 
length and inclination of the ear, earliness, yield capacity, grain- and malting quality. 

Of about 5,000 lines (progenies of selected ears) of 1950, only one, Balder 50.4 was 
chosen ultimately in 1954. Already in 1954 the breeder’s seed of Balder was obtained 
by multiplication of selection 50.4. 

The purpose of the selection, described in this paper, viz. to give the barley variety 
Balder a sufficient approximation of a pure line, can be considered as being achieved. 
Certainly there is no indication that a decrease in. yield capacity and malting quality 
occurred. 

Moreover, in comparison with the original variety Balder, selection 50.4 has distinct- 
ly stiffer and somewhat shorter straw, and a little earlier maturity. The attitude of the 
ear approximates more that of the erectum-type. 


SAMENVATTING 
Verbetering van de homogeniteit van het gerstras Balder 


Ter verbetering van de raszuiverheid van het Zweedse gerstras Balder werd in 1949 
op het Veredelingsbedrijf van het Centraal Bureau te Hoofddorp een begin gemaakt 
met een selectie binnen dit ras. 

Gedurende de periode 1950-1954 bleek, dat er een groot aantal min of meer duide- 
lijk van elkaar verschillende typen in het ras Balder voorkwam. De verschillen betrof- 
fen bladstand, bladkleur, lengte van het stro, datum van in aar schieten, strostevig- 
heid, lengte en stand van de aar, vroegrijpheid, opbrengstvermogen, korrel- en brouw- 
kwaliteit. 

Van de ongeveer 5000 aarselecties, welke in 1950 waren uitgezaaid, werd er in 1954 
uiteindelijk één aangehouden, nl. Balderstam 50.4. Zowel in 1954 als in 1955 was het 
geoogste kwekerszaad van deze selectie af komstig. 

Het doel van de in dit artikel beschreven selectie, nl. het gerstras Balder meer een 
zuivere lijn te doen benaderen, kan als bereikt worden beschouwd. Daarbij is zeker 
geen achteruitgang opgetreden in het opbrengstvermogen en de brouwkwaliteit. Bo- 
vendien heeft stam 50.4 zowel duidelijk steviger en wat korter stro als een iets vroeger 
vallende afrijping dan het uitgangsmateriaal. De stand van de aar is meer die van het 
erectum-type geworden. 
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SOME EXPERIENCES IN BREEDING FROST-TOLERANT 
POTATOES 


C. MASTENBROEK 
Plant Breeding Station “Centraal Bureau’’, Hoofddorp 
Received 13 Sept. 1956 


1. INTRODUCTION AND ECONOMIC IMPORTANCE 


In the Netherlands late frosts may occur until the middle of May. The 11th, 12th, 
13th and 14th of this month especially are notorious for very cold nights, often with 
some degrees of frost. This period is known as the „IJsheiligen”’. It is said that frosts 
will not occur after these dates. As is the case with many of these popular weather- 
forecasts, there are exceptions. 

It is a well-known fact that the occurrence of late frosts depends not only on climatic 
conditions, but also on the kind of soil and the condition of its surface. Frosts are 
more likely to occur when the air and the soil surface are low in humidity. The re- 
claimed peat soils in the provinces of Groningen, Drente and Overijssel in the north- 
eastern part of this country have a very bad reputation; in fact late frosts may occur 
in this district until the middle of June. Occasionally, potato crops in which the plants 
were 5-6 inches tall have been frozen down completely. This delays soil coverage (very 
important on these soils) and maturity and also reduces the yield. Many farmers avoid 
these risks by delaying planting until about the middle of May, whereas, in other 
districts with different soils, most seed potatoes are planted between April 10 and 30. 

In addition to the district mentioned above, frost tolerance should be of special 
interest in two other areas, viz. the region northeast of the city of Alkmaar and that 
west of Enkhuizen, where early potatoes are grown. Here frosts do not occur late in 
the season but the potatoes are planted early. Frequently, the seed is planted here 
about the middle of March. It is evident that these extremely early crops run a high 
risk of frost-damage, but growers find it profitable to run this risk in order to take 
advantage of the high prices at the beginning of the season. In some years severe late 
frosts occur all over the country. Of recent years this was the case in 1953 when a frost 
of —5.9°C at 10 cm above soil level was recorded on the morning of May 11. Severe 
damage was done to potatoes, fruit trees and peas. 


2. FROST TOLERANT SPECIES 


Sometimes, in commercial plots and trial fields small differences in the extent of 
frost damage have been observed between varieties. However these varietal differences 
are not consistent and conclusions regarding differences in sensitivity to frost cannot 
be drawn. 

A number of Solanum species exhibit a certain degree of tolerance to frost tempera- 
tures in the leaves. In order to illustrate the range in degree of tolerance, some recent 
literature will be cited. 

According to HAWKES (4), S. acaule will resist a frost of —8 to —-10°C and S. bu- 
kasovii -3 to -5°C; S. abbottianum is a little less resistant. S. rionegrinum is said to 
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withstand —11°C and the species S. Henryi, S. Ohrondii, S. Commersonii and S. Mil- 
lanii —3 to -5°C (HAWKES, 4). S. Commersonii and S. Millanii are the most frost resist- 
ant species of Argentina (RATERA, 11). OCHOA (6, 7) found various degrees of frost 
tolerance in S. andigenum, S. stenotomum, S. yabari, S. goniocalyx, S. chaucha, S. 
coeruleiflorum, S.acaule, S. Juzepezukii, S. Abottianum and S. multidissectum. S. 
acaule, S. Bukasovii and S. neohawkesii are very resistant (OCHOA, 7, 8). KAMERAZ (5) 
mentions S. ajanhuiri and S. curtilobum, POHJAKALLIO (10) and OkUNo (9) S. demis- 
sum, and ZVEREVA (16) S. schreiteri (a variety of S. acaule). ESTRADA RAMOS (2) ob- 
served a low degree of tolerance in some clones of S. andigenum, S. stenotomum, S. 
Juzepczukii and S. curtilobum. S. ajanhuiri was a little more resistant and S. acaule, 
S. depexum and S. demissum were very resistant. Fiiepov (3) adds S. punae to the 
list of frost resistant species. Vusoo (15) observed only slight resistance in the Collare- 
ja variety of S. andigenum, but excellent resistance to —-5°C in some clones of S. vernei, 
S. Millaniüi, S. sp. Lugui and Papa Odorata.*) 

The breeding work of the author has been based on S. acaule; the seed of which 
was obtained from the Institute of Agricultural Plant Breeding, Wageningen. 


3. METHODS OF ASSESSING TOLERANCE 


The frost tolerance of species and hybrids may be tested in the field by natural 
frosts. This should be done in spring, as in the Netherlands, early autumn frosts occur 
only after maturity of the potato crops. Late spring frosts occur in most years. How- 
ever, time of occurrence and severity of frost cannot be forecasted. If one wishes to 
select by means of natural frosts, plants should be grown in the greenhouse and har- 
dened outside before frosts occur, because soil temperatures in the field are in general 
too low to plant the seed potatoes at the beginning of March, in order to have plants 
emerged at the time frosts are most likely to occur. Moreover, the damage by natural 
frosts of plants of one variety often varies from plant to plant. These differences may 
be caused by small though important differences in micro-climate, by differences in 
physiologie condition of the plants or by both. 

The alternative is to test with artificial freezing. In the experiments reported here, 
the author used a top-lid freezing chamber, 190 cm. long, 65 cm. wide, 75 cm. high, 
equipped with a Frigidaire refrigerator (minimum temperature about —-25°C). A small 
ventilator in the lid provided a slight air-circulation and distributed the cold uniformly. 
The plants to be tested were grown from tubers in the greenhouse in 8 cm. pots early in 
spring (February, March). When the haulms were about 5 to 8 cm. high the plants 
were placed in cold frames to harden. This has been shown to be necessary because 
when plants of clones with known resistance were frozen immediately on leaving the 
greenhouse, all the plants were killed by -2°C. The necessary time of hardening has 
not yet been investigated, but 2-3 weeks have been adopted as a minimum, depending 
on the prevailing temperatures. 

The plants were placed in the freezing chamber in such a way that the leaves did not 
touch each other and so the air could flow freely between the plants. This spacing also 
prevented the sheltering of small plants by big ones (BECKER-DILLINGEN & BARG, 1). 


! In a letter of June 18, 1956, from PRroF. Vursoo to the author, it is stated that “Luqui” and 
“Papa Odorata” belong to S.Juzepczukii and S.eurtilobum resp. 
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Each experiment was started at 9 a.m. at a temperature of about 0°C, but never lower. 
At 1.30 p.m. plants were watered overhead in order to prevent under-cooling (SEF- 
MANN, 12) and the thermostat was set at about —1 °C. In a number of experiments, the 
temperature was lowered gradually by 1 to 1}°C each hour until the required tem- 
perature had been reached. Then freezing was stopped and the lid was lifted in order 
to obtain a quick thaw. At about 5 p.m. the thawed plants were placed in a cool green- 
house; the degree of damage was assessed the next morning (or later) in figures from 
0 — completely frozen down, to 5 — undamaged. 

Uniform temperature distribution is known to be a problem in cooling-techniques. 
Therefore the freezing chamber was checked in an experiment with a number of plants 
of clone 51464-28 (see Table 2). Seven plants were distributed over the floor of the 
chamber. They were frozen to —6}°C and it was found that the degree of damage varied 
from 0 to 1. This variation was met again in plants of a S. tuberosum variety (Bintje or 
Eigenheimer) which served as controls in experiments with hybrids. 

Attempts were made to screen hybrids in the seedling stage. First, hardened seed- 
lings were lifted from the soil and placed with the roots up to soil level on a piece of 
glass. The roots were covered with moistened blotting paper in order to prevent drying 
out. The air could flow freely around the tops and a uniform treatment of all plants 
could be expected. However, all plants were completely killed at —2°C. 

Next, about an equal number of seedling plants was frozen, standing in pots. The 
seed was spaced so, that the seedlings stood well apart. Plants were 2-3 cm. high when 
treated. The first treatment of -2°C caused very little damage, in sharp contrast with 
the lifted plants. A second treatment of —4°C revealed definite differences in degree 
of damage. Seedlings of a cross, not derived from S. acaule, were all killed. 

Thereupon, seedlings of about the same size, but now growing in flats, were tested 
with a —4°C treatment. In this and similar experiments, there was little indication of 
any influence of position in the flats on the degree of damage. Sometimes however, the 
seedlings immediately along the rims of the flats appeared on an average to be a little 
more damaged than the others. 

Frozen plants, whether tolerant or sensitive, were dark green, waterlogged and stiff. 
After thawing, tolerant plants were largely undamaged and normal green and turges- 
cent again, whereas the leaves and often the stems of sensitive plants remained water- 
soaked and drooped; then they shrivelled and turned first almost black and later 
brown in colour. There was a complete range in degree of damage from killing of all 
parts above soil level via partly killed leaves and discoloration of the margins of some 
leaves, to undamaged. The most sensitive plants make no new growth. The interme- 
diate plants readily develop branches from the undamaged part of the stem. Some of 
the undamaged plants develop new branches, others continue growing. Of all parts 
of the plant, the growing tip seems to be the most sensitive. Apparently undamaged 
plants may have a killed growing tip. 

The reliability of the screening of seedlings has not as yet been tested critically. A 
number of seedlings has been selected for resistance and is at the moment under obser- 
vation for their agricultural value. After selecting the most promising seedlings their 
tolerance will be re-tested. 

The testing of clone-plants in pots has already been discussed above. It was stated 
that the results are not completely reliable. This is also illustrated by the following 
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data from a set of experiments in 1953. In 7 lots of hybrids, 4 plants of the variety 
Eigenheimer were tested as checks in each lot. Of the 28 plants treated at —3°C, 20 
were killed (mark 0); the other 8 plants ranged from 0.5 to 4. The average was 0.5 
— 0.18, which may be considered sufficiently reliable for practical purposes, although 
perhaps not for studies of inheritance. 


4. PLANT MATERIAL 


Seedlings of S. acaule were not tested. Attempts to cross $. acaule with S. tuberosum 
were not successful. A cross with S. simplicifolium gave a few viable seeds. However, 
the hybrids (with probably 36 chromosomes) proved to be sterile and no crosses could 
be made. The same species were crossed again; the hybrid seeds were germinated in 
colchicine solution and doubled hybrids (with 72 chromosomes) were obtained.) 
Some of these hybrids could be used in crosses, both as female and as male parents. 
Some hybrids from backcrosses with cultivated varieties were tested for resistance. 

In the meantime, a cross (reference number 49445) of two types of S. acaule was 
obtained from the Institute of Agricultural Plant Breeding, Wageningen, viz. S. acaule 
BUKASOV x S. acaule RECOBA. Its resistance has not been assessed. 

According to STELZNER (14), hybrids of these parents can be crossed more readily 
with S. tuberosum than can the S. acaule types themselves. Indeed, 49445 was crossed 
in 1950 with good results (ref. nrs. 50654, 50655, 50656). Among the un-selected seed- 
lings obtained from these crosses and grown in 1951, there was an unexpected high 
percentage of self-fertile plants. Backcrossed and selfed seed was harvested (ref. nrs. 
51459 to 51483 inclusive). In 1952 only selfed seed was obtained of this same material 
(ref. nrs. 52162 to 52 177 inclusive). A number of backcrosses was made with seedlings 
from 51459, 51464 and 51481 in 1953 and 1955. So seedlings of the second backcross 
generation have been obtained and selected for resistance; they are now under obser- 
vation. 


5. RESULTS 
a. Clone plants 


In 1952 a number of clones from the first hybrid generation was tested for resistance 
in three separate experiments. The results are given in table 1. For comparison, some 
material of other derivation was also included. 

The majority of the clones were highly resistant to -2°C, a number of them was 
sensitive or very sensitive to —-3 to -4°C, whereas only a few exhibited a sufficient 
degree of tolerance to -5°C. In general, the clones of 50654 were more resistant than 
those of 50652 and 50653. 

A similar experiment was performed in 1954 with some clones from the first back- 
cross generation (Table 2). 

All clones had a good to excellent resistance to a frost of -4.5°C; some of them 
survived frosts of —5 and —6°C fairly well. 

In 1956, a number of clone plants from previously unselected seedlings was tested 


1 Colchicine treatment and the checking of the chromosome number was carried out by Mrss 
M. BosHUIzZEN, who deals with cytological problems at the Plant Breeding Station Centraal Bureau 
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TABLE 1. FROST DAMAGE OF F, HYBRIDS OF S, ACAULE AND S. TUBEROSUM 
ee ee A A ed EP en 


kh 3 hours 2 hours 2 hours 

Ref. no. Derivation —2°C —3-4°C EE 
506541 (S.ac. XS.ac.) X 473951 5 4 3 
2 4 4 D) 
—3 4 D 0 
4 4 4 4 
—5 5 2 2 
—6 5) 4 3 
—7 4 0 — 
—8 5 4 3 
—9 3 0 — 
—10 5 4 2 
—11 5 0 = 
—12 4 2 l 
—13 5 ) l 
—14 5 3 2 
—15 2) 0 - 
—16 4 2 1 
—17 5) 3 2 
—18 5 4 l 
—19 4 2) 2 
—20 4 8 l 
—_21 4 1 1 
506521 (S. dem. x S.simpl.) Xx 47221-33 0 - — 
2 5) 0 — 
4 — 0 = 
506532 (S.mac. XS.simpl.) Xx47221-33 1 — — 


S.ac.= S.acaule; S.dem.—= S.demissum; S.simpl.= S.simplicifolium; S.mac.— S.macolae 
413951 — 3rd backeross S.demissum X S.tuberosum hybrid 
4722133 — S.tuberosum hybrid 


TABLE 2. FROST DAMAGE OF CLONES OF FIRST BACKCROSS GENERATION 


Ref. no. Ee EG IKC ie 
51459-26 4 4.5 4.5 3 
—58 4 4.5 3 1 
61 4 3.5 1 1 
—105 3 2 1 1.5 
Sl 5 4 0 0 
51464-28 4 4 2 De 
—75 s 5 4 1 
—103 s 3 2 1 
—105 3 4 3 0 
—107 s 4 2 & 
115 4 = 2 5 
S1481-85 5 3 2.5 0 


in two experiments at —3.5 and —5.5°C respectively (the same plants were used in both 
tests as far as they survived the —3.5°C treatment). Clones resisting —5.5 °C quite well 


could be selected. 
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Tables 3 and 4 give some information about the proportions of sensitive and 
tolerant plants in progenies. Table 3 gives a summary of the results obtained in 1953 
with first backeross clone plants, table 4 of those of 1956 with second backcross clone 


plants. 


TABLE 3. DISTRIBUTION OF FIRST BACKCROSS CLONES IN DEGREES 
OF DAMAGE AFTER TREATMENT AT —3°C 


Ref. no. 


51459 
51460 
51464 
51467 
51481 
51482 


Total 


0 


135 


1 


64 


2 


mm NN JW \O 


34 


Jel 
Sa 


4 


gil 


50 


TABLE 4. DISTRIBUTION OF SECOND BACKCROSS CLONES IN 
DEGREES OF DAMAGE AFTER TREATMENT AT —5.5°C 


Ref. no. 


53440 
53441 
53443 
53445 
53447 
53451 


Total 


LZ 


2 3 4 
6 4 1 1 
1 l = 1 
7 8 ] 2 
3 = = J 
7 1 1 = 
1 

25 14 3 6 


5, 


1 


So, out of 161 clones of the second backcross generation 10 showed a reasonable 
to good resistance to a frost of —5.5°C. 


b. Seedling plants 


A number of seedlings in flats were frozen in 1955 (Table 5). 


TABLE 5. DISTRIBUTION OF SECOND BACKCROSS SEEDLINGS IN 
DEGREES OF DAMAGE AFTER TREATMENT AT —4.5°C 


Ref. no. OS 3 4 5 
53440 75 10 9 4 
53441 58 33 Dien 21 
53443 156 25 Ne 7 
53445 799 320 (O2 SO 
53447 612 283 104 110 
53449 40 30 4 > 
Total 1740 701 339 302 


Thus, there seem to be differences between the various progenies in the percentage 


of seedlings with good resistance (53441 versus 53449). 
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6. DISCUSSION 


The method of freezing, used in experiments reported here, is thought to simulate 
natural frosts very well, viz. a rather slow decline of temperature, a short time of 
frost and a quick thawing. The method is very simple, takes little labour and seems to 
be sufficiently reliable in tests on known material. The suitability of the method for 
screening seedlings has not yet been assessed. STELZNER (13) described a different 
method, consisting of freezing detached leaflets in dishes. Pieces of ice had to be placed 
on the leaflets in order to prevent under-cooling. This method would take much more 
time and labour and has not been tried. 

It is interesting to test the clones, selected upon artificial freezing, under natural 
frost temperatures. A small experiment was performed in 1953. A number of clones, 
possessing fair to good resistance to -5°C, were planted outside together with some 
hardened plants of Eigenheimer as controls. A natural frost of —3°C on March 25 
killed the control plants, whereas the hybrids showed little to no damage. Thus the 
resistance of the selected clones was confirmed. 

The mode of inheritance of the resistance is difficult to understand. It is demon- 
strated in table 1 that the F‚-plants have inherited at least some of the resistance of 
S. acaule, so resistance should be a dominant character. That the F‚-plants of table 1 
vary in degree of tolerance, does not necessarily indicate that S. acaule is heterozygous 
for resistance, for two types of S. acaule are involved in the crosses and one might be 
tolerant, the other sensitive to frost. This has not been tested. From the other tables 
it is evident that the degree of tolerance of derivatives of a certain cross ranges from 
very sensitive to very tolerant. The same has been found for S. demissum derivatives 
by POBJAKALLIO (10). So it may be concluded that tolerance depends on a number of 
dominant genes with quantitative or cumulative effect. One or a few major genes and 
some genes with a modifying effect might also be present. If this is true, it may be 
expected that tolerance might be increased by selection in selfed progenies of tolerant 
clones and progenies of crosses of which both parents possess some tolerance. 

No indications have been found that the tolerance is linked or closely correlated 
with an undesirable character of the wild parent. S. acaule itself is a small plant with 
narrow leaflets and a compact growth habit (except for the stolons). Tolerant deriva- 
tives, fortunately, vary appreciably in plant type and in yield. First backcross plants, 
grown from tubers and planted at 75 cm square, varied in yield from 0 to 2,160 g. per 
plant, (average 375 g.). Out of 80 clones, 9 yielded more than 1,000 g.; one gave 1,880 
g. tubers and 1,500 g. selfed berries (!). Some of these clones resisted —5°C. The crosses 
of 1953, 1955 and 1956 are based mainly on these 9 clones. The shape of the tubers 
was bad to very bad with only one exception; stolons were long. Tests for cooking 
quality and starch content have not yet been made. Some backcrosses will be neces- 
sary in order to combine frost resistance and practical value. 

When harvesting the potato crop a number of tubers is always overlooked; these 
tubers; which are mainly small, stay in the soil. They will be killed by winter frosts 
when these prevail or they will give rise to self-set plants when frosts are not severe. 
When tolerance to frost in the leaves is connected with tolerance in the tubers, a larger 
proportion is likely to escape killing by winter frosts and to give self-sets. This should 
be considered to be a disadvantage. However, POHJAKALLIO (10) found no appreciable 


295 


C. MASTENBROEK 


difference in sensitivity to frost between tubers of S. tuberosum, S. demissum and their 
hybrids, possessing tolerance in the leaves. The author tested one tuber of each of 103 
clones, representing all degrees of tolerance in the leaves (same clones as those of 
table 4); 16 tubers of Bintje of the same average size were included as controls. Tubers 
were desprouted and placed in a frame. They stood well apart and air could flow 
around them freely in all directions. As these tubers came out of storage, pre-treatment 
at 0°C was considered to be desirable. After l week of hardening at 0°C, temperatures 
were lowered by about 14°C each day until -44°C after the third day. One week later 
all tubers were soft, rotting and stinking. No indication of resistance was obtained. 
Experiments like this should be repeated, however, with a longer period of pre-treat- 
ment before definite conclusions can be drawn. 
The author feels indebted to Dr. W. BLACK for his appreciated linguistic help. 


SUMMARY 


1. In the Netherlands, late frosts in spring often cause appreciable damage. Breeding 
potatoes for resistance to frost damage seems to be worth wile. 

2. A number of Solanum species with tolerance to frost-temperatures have been 
found. One of the most resistant species, S. acaule, has been used in the breeding 
work of the author. 

3. Methods of treatment with frost-temperatures are described. Hardening before 
treatment is necessary to demonstrate the resistance and is, therefore, very impor- 
tant for a reliable assessment. 

4. At least part of the resistance of S. acaule could be transferred to second backcross 
hybrids. The best individuals of this generation resisted —54 °C. About 6 % resisted 
this temperature fairly to very well. 

5. Both clone plants and seedlings can be selected as plants, standing in soil, either 
in pots or in flats. 

6. Tolerance seems to be governed by a number of dominant genes with quantitative 
or cumulative effect. Also, one or a few major genes together with some modifiers 
might explain the inheritance of tolerance. 

7. There is as yet no indication of linkage between frost-tolerance in the tops on the 
one hand and foliage-type, tuber-yield and frost-tolerance in the tubers on the other. 


SAMENVATTING 


Enkele ervaringen bij het kweken van kouderesistente aardappelen 


Ll. Nachtvorsten kunnen in het voorjaar vaak ernstige schade aan het jonge aardappel- 
gewas toebrengen. In het bijzonder is dit het geval in de Veenkoloniën, waar nacht- 
vorsten tot midden juni kunnen voorkomen; hier plant men de aardappelen tot 
midden mei. In het Noordhollandse gebied van de vroege aardappelteelt is nacht- 
vorst zeer gevreesd, omdat zeer vroeg wordt gepoot met het oog op primeur-prijzen. 

2. In de literatuur wordt een aantal Solanum-soorten met resistentie tegen enige graden 
vorst vermeld. Het kweekwerk van de schrijver is tot nu toe op S. acaule gebaseerd. 

3. De selectie op resistentie wordt in een vriescel uitgevoerd. Zowel planten (gegroeid 
uit knollen) in potten als zaailingen in plantkistjes kunnen worden behandeld. Af- 
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harden van in kassen opgekweekte planten of zaailingen is noodzakelijk om de re- 
sistentie tot uitdrukking te laten komen. De selectie van uit knollen gegroeide plan- 
ten is redelijk betrouwbaar; voor zaailingen moet dit nog blijken. 


„ De resistentie van S. acaule werd voor tenminste een belangrijk gedeelte overge- 


dragen op een deel van de zaailingen uit de tweede terugkruisingsgeneratie met 
S. tuberosum (tabel 4). De overerving lijkt te berusten op een aantal dominante 
factoren met quantitatief of cumulatief effect. Ook is het mogelijk, dat één of enkele 


hoofd-factoren in samenwerking met enkele neven-factoren de graad van resistentie 
bepalen. 


„ Tot nog toe werden geen aanwijzingen verkregen, dat tussen vorstresistentie ener- 


zijds en looftype, opbrengst en knolvorm anderzijds een hinderlijke koppeling 
bestaat. 


„ De knollen van in het loof resistente en van in het loof gevoelige selecties hadden 


even sterk van een behandeling tot —4.5°C te lijden als die van de standaard Bintje. 
Meer gedifferentieerde proeven zijn in dit opzicht echter wenselijk. 
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1. INTRODUCTION 


In the Netherlands, like in many other countries of the temperate regions, locally 
red clover is frequently attacked by the stem eelworm Ditylenchus dipsaci (KÜHN) 
Firipsev. Farmers practise ample crop rotation to avoid damage, but it gives no ade- 
quate control of the disease. Figures 1 and 2 show respectively a healthy and a diseased 
crop. 

Apart from the occurrence of survived eelworms in the soil, infection can also 
start from eelworms which have been transferred with seed. They can be killed by 
disinfecting the seed with methyl bromide (5). This means of control has been 
practised only recently in the Netherlands. No results of this procedure have been 
published so far. 

In a region infested with eelworms a healthy crop could be obtained if a resistant 
variety was available. In other countries, such as Sweden, Denmark and Germany 
search is being made for resistant forms. In Sweden the resistant strain Merkur was 


Fig. 1. HEALTHY CROP OF RED CLOVER. PHOTO TAKEN ONE MONTH AFTER FIRST CUT 
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selected from infested fields. It is a late variety which is less suitable for cultivation 
in the Netherlands. At the S.V.P., Wageningen, an attempt is being made to build up 
a resistant population from Dutch local varieties. Our experiences are given in this 
article. 


2. METHODS AND MATERIALS 


a. Collecting stem eelworms from diseased plants 


Eelworms from diseased plants are collected in principle according to the method of SEINHORST (8) 
in the following way: Cut, diseased plants, placed on filter paper in a coarse sieve are sprayed with a 
mist of water. The sieve stands inclined on a tray. On the lowest side of the sieve there is instead of the 
filter paper a thin layer of wadding. íf the filter paper gets choked by the dirt, the water can still pass 
through the wadding. 

The eelworms creep through the filter paper, fall into a tray of water and sink to the bottom. The 
superfluous water that flows down over the edge of the tray therefore does not contain eelworms. 

After one day and a second time after another day the eelworm suspension is vacuum filtered on a 
Buchner funnel. The filter with the eelworms retained and the dirt is placed in a sieve which in its 
turn is placed in a plate of water. The water should just reach the filter paper. The eelworms creep 
through the filter paper into the water and can now be used for infection of the plants. This procedure 
of filtering and allowing eelworms to creep into the water is repeated when the eelworms have become 
less mobile and this happens when many eelworms remain in the water more than one day. 

By sucking off settled eelworms with a pipette and by diluting the suspension it is possible to make 
the concentration required for the inoculation. This concentration is estimated by sight by comparing 
a diluted suspension in a test tube with standard suspensions in similar tubes. The concentrations of 
the latter are measured by counting them under a microscope. Some carboxymethylcellulose and a 


Fie. 2. THE SAME VARIETY AS IN FIG. Í. DISEASED CROP. PHOTO TAKEN ONE MONTH AFTER FIRST CUT- 
HEAVILY ATTACKED BY STEM EELWORM 
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mercury compound were added to the standard suspension in order to prevent a conglomeration and _ 
decay of the eelworms. These suspensions are kept at a temperature of 1 to 3°C. For the inoculation 
of the plants the concentration might be measured more accurately by means of the colorimetric 
method (7) but for this kind of breeding work it is not necessary. 

The eelworms live only a short time in the suspension. Dried on filter paper and in the swollen 
diseased plants collected from the field, some eelworms will survive for several months when kept at 
a temperature of 1 to 3°C. 

It should be remarked that the collecting of a large number of swollen plants from the field is 
usually easy, but it is difficult when most plants of a diseased patch have been killed while in close 
proximity almost only healthy-looking plants are found. 


b. Inoculation 


For inoculation the method of BINGEFORS (2) was chosen. This method is also useu oy t'RANDSEN 
(4). KoRSTEN (6) raised seedlings in trays and after emergence sprayed them 2 to 3 times with a con- 
centrated eelworm suspension. This method requires a large number of eelworms. Therefore later 
KoRSTEN dropped the eelworm-suspension on to the plants and obtained equal results. The latter 
method was compared with the method of BINGEFORS as applied by FRANDSEN. The percentage of 
healthy-looking plants now was much lower with the BINGEFORS method than with the KORSTEN 
method and this held when either 15 or 30 eelworms per plant were inoculated. So infection was 
more successful with the first-mentioned method. 

The method of BINGEFORS was modified and is now performed as follows: 

Germinated seeds are laid out on 47 cm long and 11 cm wide strips of moist filter paper, at 3 mm 
distance from the longest side and 5 mm apart. 

This filter paper is of a kind that after moistening does not tear easily. On top of this, covering the 
seeds, a strip of moistened normal filter paper is laid and the whole is rolled up. The rolls are put 
together in a tray (without water) under a cover of polythene plastic. 

Some days later when the cotyledons have just emerged from the seed coats the strips of filter paper 
are loosened at the upper side. Care should be taken that the special paper remains on top. It is then 
partly pulled down at an acute angle. The seedlings will then stay on the soft filter paper. Next each 
seedling is inoculated by depositing with a hypodermic syringe a drop of eelworm suspension with 
20 to 30 clearly moving nematodes on to the cotyledons. The syringe is equipped in such a way as to 
carry drops of equal size on to the plants. The filter paper is not too moist at the time of inoculation 
so that the drops with eelworms are quickly absorbed and do not flow away. 

The covers are removed 1 to 2 days after inoculation and then the rolls are placed in a nutrient 
solution (STEINECK, 9). A strong mercury lamp is put over the seedlings in order to prevent the oc- 
currence of moulds which might arise when too moist conditions occur. Temperatures of 15 to 18°C 
are considered most appropriate to achieve good results. 

A very small area suffices to grow the seedlings. In a round tray of 25 cm diameter rolls with 80 
seeds each, i.e. 3,200 seeds can be placed easily. 

Figure 3 shows the rolls of filter paper. 


FIG. 3. ROLLS OF FILTER PAPER WITH SEEDLINGS INFECTED WITH STEM EEL- 
WORMS. IN THE BACKGROUND THE COVER WHICH IS PUT OVER THE 
PLANTS A SHORT TIME BEFORE AND AFTER INOCULATION 


c. Assessment of the resistance 


Symptoms of the disease can be observed in many plants about a week after inoculation. The plants 
are assessed 1 to 2 weeks later, however, because by that time the symptoms are clearly distinguishable 
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YS OLD. INOCULATED WITH RED CLOVER 


Figs. 5, 6 AND 7. SEEDLINGS OF THE VARIETY MERKUR, [0 I 
ABNORMAL SWELLING AT THE GROWING POINT, AT THE BASE OF THE COTYLEDON- 
HYPOCOTYL. NO BROWN STRIPES. SUSCEPTIBLE. FIGS. 6 AND 7. 
RESISTANT. 


EELWORMS. FIG. 5. 


STALKS AND AT THE TOP OF THE 
WITHOUT ABNORMAL SWELLING. BROWN STRIPES AND DISTORTIONS, 
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FiG 8. DISEASE SYMPTOMS OF DIFFERENT VARIETIES ON A FIELD INFESTED WITH STEM EELWORMS. PHOTO 
TAKEN AFTER THE FIRST CUT IN THE YEAR AFTER SOWING. RIGHT TO LEFT : 20 LINDBY ; 21 MERKUR ; 
22 OFFER; 23 WAMBASA. BAD STAND OF OFFER IS CONSPICUOUS 


jj 


FIG. 9. AS IN FIGURE 8, BUT WITH OTHER VARIETIES. RIGHT TO LEFT: 3 FLANDRIA; 4 ROOSENDAAL RED 
CLOVER; 5 GRONINGEN RED CLOVER; 6 RED MEUSE CLOVER; 7 MAASBRACHT RED CLOVER; 8 GEN- 


DRINGEN RED CLOVER; 9 WAESSE RED CLOVER. ROOSENDAAL AND GENDRINGEN RED CLOVER ARE 
SEVERELY DAMAGED 
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4 


) 


- 


BREEDING RED CLOVER RESISTANT TO STEM EELWORM 


in nearly all the susceptible plants. The symptoms of susceptibility and resistance will be described in 
detail (3). ‘ 

Susceptible plants show swellings in the cotyledons, in tissues near the growing point and in the 
upper part of the hypocotyl (Fig. 5). Resistant plants are not swollen but exhibit stunted growth, 
often combined with brown stripes and distortions (Figs. 6 and 7). 

On assessing the susceptibility and the resistance all sorts of transitional stages can be found. This 
sometimes makes it difficult to distinguish susceptible from resistant plants. 

In establishing the resistance of families only susceptible plants are counted because these swollen 
plants can be counted at a greater speed than plants showing symptoms of resistance. For further breeding 
work only plants without swellings and with stunted growth and brown stripes are selected. 


d. Crossing selected plants in cages with the aid of bumble-bees 


Resistant plants are transferred from the filter paper into boxes and then into pots with soil; later 
they are planted in the field at distances of 35 x 35 cm. 

When the first flowers appear the plants are covered with cages of plastic gauze (meshes of 14/14) 
after the flowering heads have been removed. This gauze is highly weatherproof and fairly strong. 
The cages are 1.4 m wide, 0.9 m high and 7 or 1.4 m long. A week after covering the plants a box with 
a bumble-bee nest is attached to every cage. The bumble-bees are fed with sugar water. 

The bumble-bee nests are obtained by placing nesting boxes in gardens similar to bird’s nesting 
boxes in woodland. In the case of bumble-bee boxes the holes are somewhat smaller (diam. 1.8 cm), 
the boxes are more square (18 Xx 18 cm, at a height of 15 cm) and in them some wool and sphagnum 
is placed beforchand. The height above ground can be varied from 0 to 1.5 m. 

The boxes should not be put into the ground because then they are often occupied by Bombus 
terrestris, which are not suitable for the pollination of 
clover (11). They often bite holes in the flowers at the 
base and with their short tongues suck the nectar 
through the holes. 

If an insufficient number of bumble-bee nests have 
been obtained in boxes the animals are caught in the 
field from plants e.g. thistles of which many grow 
together and in whose proximity not much clover is 
found. These bumble-bees are then put into the cages. 
Figure 4 gives a picture of cages with bumble-bee 
boxes. 

In 1955, 69 bumble-bee boxes were placed. In the 
beginning of July, 10 of them had a good population. 
In 1956, 71 bumble-bee boxes were placed. Of the 
latter 5 had a good population at the beginning of 
July (percentage of successful operations in 1955: 
He eRn rl O 5617.) 

Mr. SALOMÉ of the Institute for Research on Bee- 
keeping at Wageningen kindly provided the data of 
Table 1 for publication. 

That the percentage of boxes with a good population 
in our trials of 1956 was only 7 is presumably partly due to the fact that some bumble-bee queens 
were found entangled in the long woollen threads which had been used then. It is therefore recommen- 
dable to cut the wool into short pieces before using it. SALOMÉ in 1956 also used short-cut threads. 
The percentage of successful operations can be estimated at 10 to 20. 

For comparison the results obtained by VALLE (10) in his trials of 1954 are mentioned here. In this 
method bumble-bee queens were encaged and raised with the aid of additional feeding. Of the 96 
bumble-bee queens encaged in 1954 he obtained 42 nests with workers. They were placed in the field 
and in 20 of them the queen remained in the nest for at least a week. Of the others the queen was dead 
or had disappeared from the nest. Bombus terrestris which is, as mentioned, unsuitable for the 
pollination of red clover has also been included in this trial and gave the best results in the forma- 
tion of nests. If this is taken into consideration there seems to be little difference in results between 
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TACHED BUMBLE-BEE BOXES 
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TABLE 1. BUMBLE-BEE NESTS IN BOXES (DATA FROM SALOMÉ, INSTITUTE FOR RESEARCH ON BEEKEEPING, 


WAGENINGEN) 

Number of Boxes Boxes with good 9% good nests/ 
boxes with nests beginning number of 
placed nest of July boxes placed 

DEE EE neee 
1951 45 13 5 (LO 
1952 37 11 5 14% 
1953 35 16 5 14% 
1954 38 16 6 16 % 
1955 | 51 22 9 (Ss 
1956 | 70 35 meuk) 19% 
Total 276 113 43 Mean 16% 


the two methods. Placing the nests in nature has the advantage that the bumble-bees need not be fed. 

It should be mentioned that in the beginning of August the population in the boxes decreases and 
becomes inactive. By that time damage is often done by the wax moth (Aphomia sociella) which can 
destroy a bumble-bee nest in a short time. The best plan is to get the plants flowering in the period 
end of June until the end of July in order to profit from the most vigorous bumble-bee populations. 

The seed production of the 195 plants in cages averaged 3.0 gr in 1955. One hundred and eleven 
similar plants standing outside the cages produced an average of 8.1 gr. The production per plant 
varied greatly inside as well as outside the cage. Inside the cage the production is considerably lower. 
Presumably the higher humidity was responsible for this difference. 


3. MULTIPLICATION OF THE EELWORMS IN PLANTS WITH DIFFERENT SYMPTOMS 


From inoculated plants heavily swollen plants (ratio of non-swollen part of stem 
to swollen part estimated higher than 1:2), slightly swollen plants (same ratio lower 
than 1:2), non-swollen plants with a stunted growth and brown stripes and healthy- 
looking plants were chosen. 

A number of plants of each group was examined for multiplication of eelworms 
16 days after inoculation and the rest 32 days after inoculation. The eelworms and 
eggs in the plants were stained with cotton blue-lactophenol. The data are presented 
in Table 2, in mean figures. The values of separate observations are mentioned in 
Nematologica (3). 

From Table 2 it can be seen that in swollen plants the eelworms had multiplied, 
whereas there was practically no multiplication in plants with stunted growth and 
brown stripes. The difference in the rate of multiplication between greatly and slightly 
swollen plants of Roosendaal red clover is mathematically reliable (for details see 3). 
The figures for the greatly swollen plants were systematically higher than those for the 
slightly swollen ones. The same holds when the multiplication of the eelworms in 
greatly swollen plants of Roosendaal clover is compared with sligthly swollen ones of 
the families of Red Meuse clover (MaD in the table) selected for resistance. Staining of 
a number of greatly swollen plants of MaD in this case was not successful, so eelworm 
counts could be made of only very few plants. 

In most cases no or such a small number of eelworms have penetrated into the 
healthy-looking plants that infection should be considered insufficient to effect a 
response in the plants. In consequence there is a chance that only apparently resistant 
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TABLE 2. MULTIPLICATION OF THE EELWORMS IN PLANTS WITH DIFFERENT SYMPTOMS 


16 days after inoculation 32 days after inoculation 

Large all 
ERO pa Number Bae Eggs eee V\__ [Number Ste. Eggs RE: hj 

of plants of plants 
Average per plant Average per plant 

y swollen 
nd. red clover 16 23.6 0.3 0) 0.0 10 11.9 45.2 13 4,4 
yswollen „ 16 DD 0 0 0.0 ill 11.8 19.4 252 1.8 
y Map — — — — = 4 14.5 36.3 525) 29 
Ea, 55 — — — — 11 11.8 DS 4.6 2.6 
wollen + stun- 
owth + brown 
_ MaD 20 8.8 0 0 0.0 19 8.6 1.0 0 0.1 
\y-looking Map 20 23 0 0 = 11 1.8 boe 10 ili 


*Map Families derived from Red Meuse clover selected for eelworm resistance 


Kes ’ _ eggs + small eelworms 
Multiplication of the eelworms i.e. ratio— 


+V 
large eelworms 


Large eelworms — larger than $ mm 
Small eelworms — smaller than $ mm 


plants are obtained in the selection process (escape). The significance of a resistance 
resulting from natural prevention of eelworm-penetration into the plants is considered 
of little importance, since BINGEFORS (1) has established that in inoculated seedlings 
of the resistant variety Merkur (obtained by natural selection) the relative number of 
plants without eelworms was only slightly more than in the susceptible variety Ultuna. 


4. REACTION OF RED CLOVER VARIETIES TO STEM EELWORMS OF VARIOUS ORIGIN 


In the laboratory tests mainly eelworms of red clover collected in the vicinity of 
Gendringen were used. Some varieties appear to show better resistance to these eel- 
worms than others. Because it is important to know whether red clover varieties 
response in a similar way to eelworms from other regions, varieties which exhibited 
different degrees of resistance to Gendringen eelworms, were also tested for resistance 
to eelworms from the vicinity of Roosendaal. (Gendringen lies in the mid-eastern part 
of the country and Roosendaal in the south-west). Data are presented in Figure 10. 

From this graph it can be concluded that the varieties which are resistant to Gen- 
dringen eelworms show about the same response to eelworms from Roosendaal. For 
the time being, it is assumed that eelworms of a different origin in the Netherlands 
will give a similar reaction. In this case families resistant to Gendringen eelworms 
would be also resistant to other eelworms from this country. 


5. THE RESISTANCE OF SELECTED FAMILIES 


For comparison of the trials both a susceptible variety viz. Roosendaal red clover 
and a resistant variety viz. Merkur were included. The percentage of susceptible plants 
of. Roosendaal red clover mostly lay between 85 and 95 % and for Merkur between 


40 and 60 %. 
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Ya SUSCEPT. 


Fig. 10. PERCENTAGE OF SUSCEPTIBLE SEEDLINGS OF DIFFERENT VARIETIES INOCULATED ON FILTER PAPER 
WITH RED CLOVER EELWORMS DERIVED FROM GENDRINGEN AND ROOSENDAAL CLOVER, RE- 
SPECTIVELY 

INFECTION WITH RED CLOVER STEM EELWORMS FROM GENDRINGEN (O) 

== — INFECTION WITH RED CLOVER STEM EELWORMS FROM ROOSENDAAL (+) 

PLOTS IN 3 OR 2 REPLICATIONS. THE FIGURES INDICATE THE NUMBER OF PLANTS PER 
REPLICATION 


VG SUSCEPT. 


CLOVER | CLOVER) CLOVER CLOVER | CLOVER 


Fi. 11. PERCENTAGE OF SUSCEPTIBLE SEEDLINGS OF DIFFERENT VARIETIES INOCULATED ON FILTER PAPER 
WITH STEM EELWORMS FROM GENDRINGEN (O) AND PERCENTAGE OF SUSCEPTIBLE PLANTS WHEN 
INOCULATED IN THE FIELD WITH MAINLY GENDRINGEN EELWORMS (+ 0) 
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The resistant families are for the greater part selected from Red Meuse clover which 
variety has some 70 to 80 % susceptible plants. 

By crossing resistant plants in cages with bumble-bees and selecting plants from the 
best families, the resistance to eelworms improved considerably. Of 45 families raised 
from non-swollen grandparents and from non-swollen parents with clearly resistant 
symptoms (stunted growth and brown stripes) selected by the filter paper method, 
22 had Oto 15 %, 17 had 15 to 30 % and 6 had 30 to 50 % susceptible plants. 


6. CONFORMITY BETWEEN LABORATORY AND FIELD RESISTANCE 


In Sweden and Denmark a good correlation between field and laboratory resistance 
was found (BINGEFORS, 2, and FRANDSEN, 4). In our trials also a comparison of the 
resistance of various varieties sown in the field and on filter paper pointed clearly to 
this correlation. The trial was conducted as follows: 

Various red clover varieties were sown in the field in May 1954. Material derived 
from diseased plants was scattered over the field at different times. The clover was 
treated normally. Counts of healthy and diseased plants took place in October 1955. 

Of varieties with a different degree of susceptibility in the field and some other 
varieties, plants were infected on filter paper. The results of tis trial and that of the 
field trial are presented in figure 11. 

Figures 8 and 9 (see plate) present parts of the infected crop in the field. The bad 
stand of Offer, Gendringen and Roosendaal red clover is clearly visible. 

From Figure 11 it can be seen that the best and the least resistant varieties of the 
field trial gave the same results under laboratory conditions. This correlation makes it 
acceptable that the families obtained at our Institute which on filter paper appeared 
to be resistant to eelworms, will also be resistant in the field. In 1956 these families 
have been sown on fields infested with eelworms in order to ascertain whether they 
are really field resistant. 


SUMMARY 


The methods used in collecting stem eelworms from diseased plants, in raising and 
inoculating plants, in assessing resistance and in crossing selected plants in cages using 
bumble-bees for pollination are described in detail. 

Research showed that in swollen seedlings the eelworms had multiplied (susceptible 
plants) whereas this is not the case in non-swollen plants with a stunted growth and 
brown stripes (resistant plants). 

The increase of eelworms in greatly swollen plants of Roosendaal red clover took 
place at a greater speed than in slightly swollen plants. In healthy-looking plants 
mostly no or few eelworms had invaded. It seems that these plants have escaped a 
degree of infection necessary to judge their resistance. 

It appeared that varieties of red clover which are susceptible or resistant to stem 
eelworms of a given origin from the Netherlands were susceptible or resistant in about 
the same degree to eelworms derived from a quite different part of this country. A 
good conformity between laboratory and field resistance was found. 

If in spring bumble-bee boxes are hung in trees according to the method described, 
in about 10 to 20 % of the boxes a good bumble-bee nest is found in the beginning of 
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July. These populations are suitable to use for the crossing of clover plants in cages. 
Inside the cages seed production per plant was generally much lower than outside. 

By intercrossing resistant plants of Dutch local varieties and selection in the pro- 
genies, fairly resistant families were obtained within some years. 


SAMENVATTING 


Enige ervaringen met het kweken van rode klaver die 
resistent is tegen het stengelaaltje 


De methodiek bij het verzamelen van stengelaaltjes uit zieke planten, bij het op- 
kweken en de inoculatie van de planten, bij de beoordeling van de resistentie en het 
kruisen van geselecteerde planten in kooien met hommels werd uitvoerig beschreven. 

Onderzoek wees uit, dat in verdikte kiemplanten de aaltjes zich vermenigvuldigen 
(vatbaar) terwijl dit niet het geval was in onverdikte planten met een geremde groei en 
bruine strepen (resistent). In sterk verdikte planten van Roosendaalse rode klaver 
vermenigvuldigen de aaltjes zich sterker dan in de zwak verdikte. In gezond uitziende 
planten waren meestal geen of weinig aaltjes binnengedrongen. Het is waarschijnlijk, 
dat deze planten zijn ontsnapt aan een infectie die nodig is om de resistentie te kunnen 
beoordelen. 

Het bleek dat rassen van rode klaver, die vatbaar of resistent zijn voor een bepaalde 
herkomst van stengelaaltjes uit Nederland, ook ongeveer in dezelfde mate vatbaar of 
resistent waren voor aaltjes uit een heel andere streek van ons land. Een goede over- 
eenkomst tussen laboratorium- en veldresistentie werd gevonden. 

Wanneer men in het voorjaar hommelkastjes in bomen zet op de beschreven wijze, 
dan vindt men begin juli ongeveer in 10-20 % van de uitgezette kastjes een goed 
hommelnest. Deze volken zijn geschikt om gebruikt te worden voor het kruisen van 
klaverplanten in kooien. In de kooien was de zaadopbrengst per plant over ’t algemeen 
veel lager dan buiten de kooien. 

Door kruising van resistente planten uit Nederlandse landrassen en selectie van de 
nakomelingen werden in enige jaren behoorlijk resistente families verkregen. 
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1. INTRODUCTION 


In Euphytica 3 (1954): 35-42 the writers reported that the seed of C‚ beets would be 
sown on a trial field in order to gain an impression of the production capacity of the 
tetraploid material. The lay-out of this trial-field has become the starting-point of the 
breeding of tetraploid varieties, for on the basis of its results selection can take place 
in the direction of the most productive families. 

Ás already mentioned before it is desirable to have the disposal of 50 to 100 families 
of a tetraploid variety in order to guarantee a sufficiently broad basis for the breeding. 
Owing to various causes, such as failure of C, beets, deviating C‚ plants or insufficient 
seed production it was not possible to evaluate the material treated with colchicine in 
1950, 1951 and 1952 as C, beets on trial fields in three consecutive years. The C, seed 
is obtained by annual seed production. 

In this article the results obtained in the years 1953, 1954 and 1955 will be discussed. 


2. MATERIAL AND METHODS 


Material 


The tetraploid material derived from diploid varieties differs from the latter in 
various respects and therefore they are considered as new “varieties”. The following, 
designations have been given: 


Tetraploid sugar beet varieties: 
SX Kuhn P origin 
SY Kleinwanzleben origin 


Tetraploid fodder sugar beet varieties: 
VA Friso origin 
VB Fodder sugar beet CB origin 


Tetraploid fodder beets with high dry matter content: 
VC Alpha origin 


Tetraploid fodder beets with low dry matter content: 
VD Barres Stryno X origin 
VE Peragis origin 


In 1953 the two tetraploid sugar beet varieties were compared with the commercial 
varieties from which they have been obtained. In 1954, 4 tetraploid fodder beet varie- 
ties were included for the first time and in 1955 this was again carried out with the 
same 6 tetraploid varieties. 
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Germinating capacity 

In the course of the winter the germination capacity of the C, seed was determined. 
At first it was generally aimed to lay out some plots of every C, beet on the trial field, 
but this was not feasible in most cases because the seed production of annual beets 
raised in winter is not as high as that of grown-out stecklings, which may also be 
divided into pieces in order to produce more seed. For the evaluation of the tetraploid 
material the seed of the C‚ beets derived from the same C‚ beets was mixed. 

The germinating capacity of the C, material is good in general except in some iso- 
lated cases which are probably due to the occurrence of aneuploids. The clusters on 


average produce one good seedling. In the trial field it is desirable to have at least 8 
to 10 seedlings per sowing place. 


The trial field 


The trial field was laid out in three or four replications and the plots were surrounded 
by a border of red Peragis beets so that errors at the harvest were reduced to a minimum. 

The spacings were 40 cm between the rows and 30 to 33 cm between the plants in 
the rows so that a sufficient number of beets per ha was attained. 

The trial field was laid out on fertile river clay soil with a clay fraction < 2u of 
+60 %. The seed was sown by hand in the beginning of April. 

In the course of the summer notes were made on the growth of the families, the leaf 
cover of the crop, the leaf type, diseases, the number of failing plants, bolters, etc. 
Harvesting took place in October, first lifting the border rows. 


Determination of fresh and dry matter 
For the determination of the fresh weight all the beets are used. In 1953 they were 


Fi. 1. WEIGHING OF BEETS BY MEANS OF A CRANE STEELYARD 
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Fig. 2. BEET LABORATORY (WASHING MACHINE AND ELEVATOR) 


weighed in the field by means of a crane steelyard and the method proved to be satis- 
factory under the circumstances (dry weather). 

Of every plot of 100 beets the average weight was determined and for the dry matter 
estimation 25 beets were chosen which together represented 25 times the average 
weight. They were then pulped in a beet cutting machine as used by the farmers. 
From the material roughly cut in this way a sample of some kgs was placed into a 
cellophane bag and later the samples were more finely pulped. 

The dry matter measurements were carried out by drying duplicate samples in a 
drying apparatus at 104°C for 24 hours. 

In 1954 a beet laboratory was established, consisting of an Alfelder washing 
machine (Fig. 2) with a diameter of 92 em in which the beets revolve on an undulated 
bottom plate with a speed of 130 revolutions per minute. Water, at an angle of 45° 
and against the direction. of revolution of the plate, is sprayed on the beets through 
6 sets (pressure 5 to 6 atm.). In the wet autumn of 1954, the sugar beets were cleaned 
within 3 minutes and the fodder beets after about 1 minute. In 1955 the duration could 
be shortened because the beets were lifted in a cleaner condition. The washed beets 
were then weighed and transferred to the Kleinwanzleben pulping machine by means 
of an elevator (Fig. 3). In this machine the roots are cut to pieces by 6 revolving saws 
with a speed of 3000 revolutions per minute. 

Since all the beets of the trial plots are pulverized it is necessary to grow reserve 
plants of all the samples on another field in order to have stecklings of the best 
families in the next year. 

The pulp was collected and mixed in the mixer which takes only 10 seconds. Then 
samples are taken in duplicate for dry matter measurements. 
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FIG. 3. BEET LABORATORY (ELEVATOR, BALANCE, SECOND ELEVATOR AND PULPING MACHINE) 


The first criterion of the value of tetraploid families is the dry matter weight. The 
sugar beet varieties will be used particularly for crossing purposes with fodder beets 
and therefore the dry matter production is a good standard for evaluation in this case. 

In 1955 sugar content measurements were made for the first time and in 1954 and 
1955 protein measurements of the dry matter were carried out in some sugar and 
fodder beet varieties according to the method of KsEHLDAHL. 

In handling the results of the trial fields the number of blanks and plant failures 
of the plot is accounted for. If this is more than 10 % the plot is disapproved. In 1954 
a large number of tetraploids were tested and the results were graphically adjusted 
with the number of plant failures. In 1955 this was carried out according to the 
formula: number of failures x 0.4 x average weight. 

A sufficient number of plots of a diploid variety was used for possible fertility 
corrections. Strips were laid out on the trial field, at regular distances. 


3. MORPHOLOGICAL CHARACTERS 


For the lay-out of the trial field it was necessary that the germinating capacity of the 
seed of C, beets was examined. At the same time the 1000-kernel weight was determined 
and it appeared that there was a wide variation. In general the clusters were larger in size, 
but there were also small-seeded lots whose germinating capacity did not come up 
to expectations. However, the uniformity of the seed will undoubtedly increase when 
further selections are made. 

On the trial fields the tetraploid seed was sown simultaneously with the diploid 
material, viz. in the beginning of April. In 1955 it was striking that during unfavour- 
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able spring weather the tetraploids developed somewhat slower than the diploids, 
but later the differences in size became slight. The large leaves of the tetraploids are 
conspicuous and proportionally the tetraploids have broader leaves and shorter 
thicker leaf stalks than the diploids (Fig. 4). Ì 

The leaves are more prostrate and this is clearly visible in the early part of June; 
later the differences gradually become smaller. 

The tetraploids excel by a good leaf cover. In the plots of various families large 
plants and also smaller ones occur. This may be the result of aneuploidy, because the 
smaller beets often have also a somewhat narrower leaf type. If the trial field is ob- 
served from a distance the tetraploids appear to have a somewhat lighter shade of 
green. 

The tetraploid sugar beets are the first to cover the soil area. The most striking 
example of this character is the family SY whose crop was already closed on the 10th 
of June in 1956 (sown on the 10th April, and singled on the 15th May). The tetraploid 
fodder beets produce fewer leaves but yet they are clearly distinct from the diploid 
initial material. The plants which are destined for seed production are obtained by 
sowing seed of every family in April and later thinning out to single plants. It is re- 
commended to mark the well-developed stecklings in June. This procedure might 
reduce the chance of taking aneuploids during the selection. 

It is well-known that tetraploid beets grow somewhat slower physiologically. About 
the time of the longest day they have one or two leaves less than the diploids. Their 
cells are larger and they have larger stomata. The differences in the leaf type are less 
noticeable in the autumn. At harvesting most of the tetraploids have wider shoulders 
than the diploids and this may be due to the smaller number of leaves inserted on 
the apex and the wider leaf stalks. 


Fig. 4. LEFT FRISO, RIGHT VA 
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FIG. 5. LEFT SX BEETS (TETRAPLOID), RIGHT KUHN P (DIPLOID) 


The form of the beets is good and no tetraploid sugar beet families have been found 
which are pronouncedly fangy (Fig. 5). 

In general the beets are fairly thick and rather long. The sugar beets are often 
wedge-shaped and the tetraploid fodder sugar beets are mostly thicker than the diploid 
varieties. The form of the families VC, VD and VE is good. The dark colour of the 
varieties VD and VE is often conspicuous and in crosses with uncoloured beets they 
can occur in a high degree. 

The C, beets which are destined for seed production are stored in pits during the 
winter. It is aimed to harvest well-developed beets which, in their second year, can 
produce a fair quantity of seed. The cytological examination of the young heart leaves 
is best postponed until the second year because cutting of leaves near the growing 
point often causes injury which can soon lead to rotting. The storage in pits is carried 
out in the usual way. Experience has shown that storage in a cold store at about 
3°C is very satisfactory. In storage most attention should be paid to tetraploid fodder 
beets with a low dry matter content. 

The stecklings are planted at an early date. It has appeared that deep planting gives 
good results. When cytological examination is carried out in the field, difficulties may 
arise in the roset stage on account of soil particles adhering to the leaves. This in- 
convenience can be avoided by examining young stalks. 

The tetraploid stecklings grow well in the spring and they produce fine well branched 
stems. They flower somewhat later than the diploid stecklings but the differences are 
usually not very great. The pollen grains on average are bigger than the diploids but 
there is a wide variation. There are fewer flowers per cluster and as a consequence 
the number of seeds per fruit is smaller than in the diploid varieties. In general 
ripening of the seed is satisfactory. The earliest clusters produce the best seeds and a 
good seed sample is obtained when small seed is sieved out. 


4. SOME PHYSIOLOGICAL PROPERTIES 


In 1953 no bolters occurred in the tetraploid sugar beet varieties and in 1954 and 
1955 also the percentage of bolters was very small in the varieties SX, SY, VA, VB, 
VC and VD. 

In 1955 a bolter trial was laid out on sandy soil and sowing took place on April Ist. 
The seed of the tetraploid varieties consisted of a mixture of many families. 
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The results obtained are given in table 1. 


TABLE Î. NUMBER AND PERCENTAGE OF BOLTERS IN SIX TETRAPLOID VARIETIES IN COMPARISON WITH 
THEIR ORIGINAL DIPLOIDS 


Number of | New bolters | New bolters | Number of Percentage 
bolters on on on beets of bolters 
12 July 10 Aug. 31 Oct. not bolted 
Tetrapioid sugar beets — ) 5 416 1.6 
Diploid sugar beets 2 14 24 602 6.0 
Tetraploid fodder beets 4 13 12 746 S3) 
Diploid fodder beets 6 28 48 916 7.6 


FrG. 6. ANNUAL TETRAPLOID BEET BOLTING AFTER VERNALIZATION 


From the table it appears 
that the percentage of bolters 
in the tetraploid varieties was 
considerably lower than that 
of the diploid commercial 
varieties. Consequently they 
can be successfully sown at 
an earlier date. 

On laying out the trial field, 
the germination capacity of 
the seed harvested from the C‚, 
beets was accounted for. The 
object is to sow in such a 
way that at least 8 to 10 
seedlings appear at every 
sowing place. For this purp- 
ose germination experiments 
are conducted in the glass- 
house in the autumn and at 
the same time the 1000-kernel 
weight of the seed lots is 


determined. The figures are generally high and this appears in table 2 below in which 
the 1955 harvest results are included. 


TABLE 2. THE 1000-KERNEL WEIGHT OF THE TETRAPLOID FAMILIES 


Nimbe on 1000-kernel weight 
GE families 

Average Fluctuation 
SX | 40 SD ed 17.5-50.0 gr. 
Sá 55) 34900 21.5-67.2 „ 
VA 18 SUD > 22.5-50.0 „ 
VB 43 ON 23.0-62.5 „ 
VC 36 OIL ve 15.0-52.5 „ 
VD 44 3E 17.544.3 „ 
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The germination figures are given in table 3. They represent a large number of 
families and germination was carried out in sterilized soil in a glasshouse at temper- 
atures of about 20°C (counted after 7 and 14 days). The data refer to the families 
mentioned in table 2. 


TABLE 3. GERMINATION FIGURES OF A LARGE NUMBER OF 
FAMILIES OF TETRAPLOID SUGAR- AND FODDER 
BEETS 


Number of germs per 100 clusters 

Average Fluctuation 
SX 89.5 32.5-195.0 
SY 83.9 11.5-150.0 
VA 105.4 20.0-167.5 
VB 88.8 22.5-142.5 
VC 168.8 15.0-232.5 
VD 98.3 40.0-182.5 


The wide fluctuations in the 1000-kernel weight are striking. Families with coarse 
seed occur by the side of families producing fine seeds and in some families the germi- 
nating capacity is only moderate. However, there are also families with a very good 
germinating capacity, which property will be used to advantage in our further 
breeding programme. In particular the variety VC excelled in this character. 

From the germination figures it appears that many clusters produce only one seed- 
ling. This is probably not due to a property producing inheritable monogerm seed. 

In the trial field with the two tetrapioid sugar beet varieties laid out in 1953 there 
were 28 standard plots of Kuhn P. The mean error of the dry matter production which 
had been corrected on the plant number (which could amount to 100) was 4.8 %. The 
fluctuations were small and consequently there were no great differences in fertility. 
This was also the case with the trial fields laid out in 1954 and 1955 in which 4 strips 
with plots of the fodder beet variety Groeningia were planted. (The trial fields 
belonging to the I.v.P. at the Nude consist of heavy clay soil). 

When the corrected dry matter figures of the tetraploids SX and SY are considered 
in comparison with their ancestors Kuhn P and K.W.E. the following survey can be 
made. 

TABLE 4. PRODUCTION OF SX AND SY FAMILIES COMPARED WITH KUHN P AND 


K.W.E. 
Kuhn P K.W.E. 
Number of SX families Number of SX families 
Production 
higher equal lower higher equal lower 
4 ao 21 4 l 20 
Number of SY families Number of SY families 
Production 
higher equal lower higher equal lower 
11 3 5 15 (0) 4 
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From the table it appears that in SY most families occur with a higher yield. This 
also holds for the fresh weights of the beets and it should be considered that the dry 
matter content of SX is somewhat higher. In the SX families it fluctuates between 
20.4-23.8 %, with an average of 23.0 %. In the case of Kuhn P and K.W.E. the figures 
are 25.6 % and 23.8 % respectively. 

The fluctuation of the dry matter production of the examined families is evident 
from figure 7, which proves that there is a good basis for selection. 


13 SX 


FIG. 7. DRY MATTER PRODUCTION IN KG/PLOT OF SX AND SY SUGAR BEET FAMILIES 
IN 1953 


In 1954 the seed was sown on April 13th and 14th (rather late for the determination 
of the maximum production capacity of tetraploid families) and after thinning to 
single plants the plots comprised 80 plants. A fairly large number of tetraploid 
families could be analysed viz. in: 


SX 25 families VB 78 families 
SVr VERE 
VAE Wert VD 142 8 


The corrected dry matter figures have been plotted in the figs. 8 and 9. Again clear 
differences occur, differences which can be set as a criterion for selection. 
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FIG. 8. DRY MATTER PRODUCTION IN KG/PLOT OF SX AND SY SUGAR BEET 
FAMILIES IN 1954 
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FIG. 9. DRY MATTER PRODUCTION IN KG/PLOT OF VA, VB, VC AND VD FODDER BEET FAMILIES IN 1954 


TABLE 5. DRY MATTER OF THE TETRAPLOID BEET FAMILIES PER PLOT 


Average 
SX 11.4-14.4 kg. 13.05 
SY 14.5-16.4 „ 15.63 
VA 132-174 „ 15.51 
VB 13.9-18.8 „ 15/2 
VC 14.4-17.3 „ 15202 
VD 15.2-17.8 „ 16.58 

Groeningia (standard) 17.4 — — 


SY appears to be considerably more productive than SX and also the tetraploid 
fodder beet varieties show favourable figures. It was not possible to correct the 
diploid commercial varieties on the number of failures according to the ordinary 
correction method and therefore the tetraploid fodder beet varieties will be compared 
with their diploid partners. Use was made of the standard variety Groeningia. Now 
the yield of the diploid varieties can be computed on the basis of data derived from 
the Descriptive List of Varieties of Field Crops. The following dry matter figures are 
then obtained. 


Eriso Menen ee el ea 16.9 Alphateretnneen sle 
Fodder sugar beet CB 17.1 Barres Stryng X 16.9 


The results of the genetically young tetraploid material appears to make a favour- 


able impression (Figs. 10 and 11). 
In 1954 the crude protein content of some tetraploid families was determined. 


TABLE 6. CRUDE PROTEIN CONTENT OF SOME TETRAPLOID 


FAMILIES 
Average Fluctuations 
SX 42% 3.946 
SVA | 318195 3.149 
VA 3798 3442 
VB 47% 4.1-5.9 
VC AL 3.24. 
VD | Aken 41-56 
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Fia. 10. BEETS OF THE BEST VA FAMILY 


Fro. 11. Friso (DIPLOID) 


The figures for diploids are: 


KOEWEIT 00/ 
ErSO enen 
Fodder sugar beet CB . . . 4,6% 
AlDDAAR Nn rarr ORS 
Barres Stryng Xs. ...43% 


The differences between the tetraploid and diploid varieties are not very great but 
the fluctuations in content makes selection for crude protein possible. 
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In 1955 the seed could not be sown before 14th, 15th and 16th April under fairly 
favourable conditions. The dry matter production as average per plot of 64 beets, 
obtained in 1955, is corrected!) for the number of failures according to the formula 


0.4 x average beet weight X number of failures and they are presented in the figures 
12 and 13. 
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FIG. 12. DRY MATTER PRODUCTION IN KG/PLOT OF SX 
AND SY SUGAR BEET FAMILIES IN 1955 


It appears that 4 families of SX produced more than Kuhn P (16.9 %) which had 
a dry matter production of 9.6 kg. The sugar content fluctuates between 15.4 and 
17.5% and this is very satisfactory as 4 families have a higher sugar content than 
Kuhn P (169%). The crude protein content varied from 4.1 to 5.8 % and in the 
case of Kuhn P this was 4.5 %. 

Only 5 families of SY were examined and 4 yielded more than K.W.E. (yield 
10.5 kg). The dry matter content was 21 % on average and this was somewhat lower 
than that of the diploid commercial: variety. Accordingly the sugar content is also 
somewhat lower (14.0 to 15.7 % against 15.9 %) and it is recommended to pay special 
attention to the sugar content of SY. 


Fig. 13. DRY MATTER PRODUCTION IN KG/PLOT OF VA, VB AND VC FODDER 
BEET FAMILIES IN 1955 


1) Without application of this correction no alteration of the sequence of evaluation occurred in 
the families retained. 
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In VA 3 families yielded considerably more than Friso and 4 other families also 
yielded more. If the figures are compared with those of Groeningia which produced 
11.1 kg (dry matter content 16.8) when corrected, it appears that some tetraploid 
fodder sugar beet families yielded more than this productive variety. The dry matter 
content of the VA families was, on average, somewhat lower than that of Friso, viz. 
19.2 % against 21.6 %. 

Various tetraploid VB families produced more dry matter than Fodder sugar beet 
CB, for their average was even higher. One family which produced considerably more 
will be treated with the utmost care. 

The average dry matter content of 19.0 was somewhat lower than Fodder sugar 
beet CB and the crude protein content varied between 4.5 and 6 % against 4.9 % in 
Fodder sugar beet CB. 

The production capacity of the tetraploid VC family was good because, with one 
exception, they yielded more than Alpha. The form of the beets was excellent. Al- 
though the dry matter content of 15.1 is somewhat lower than in VA and VB, there 
are favourable exceptions. 

The tetraploid material offers favourable possibilities because if the yield of a 
mixture of all the tetraploid VC families is compared with that of Groeningia the 
mixture produces some 1000 kg more dry matter per ha. 

In order to get more information on the chemical composition of the fodder beets, 
the sugar content of some tetraploid varieties was investigated. 

The results are given below: 


VA 12.6 Friso 13.4 
VC 104 Alpha 10.1 


There were no great differences. It is true, that sugar content computed to dry 
matter was somewhat higher in VA. For the two tetraploid sugar beet varieties ex- 
amined the same numbers were obtained in this respect. Of SX, 3 families and of SY, 
4 families had a higher sugar production than Kuhn P and K.W.E. respectively. 

The sugar production capacity of the tetraploid sugar beet families compares 
favourably with the diploid varieties and this looks promising for further improve- 
ment of the varieties. 


5. DISCUSSION 


The tetraploid C, beets deviate from the diploid initial material in many respects. 
At first they produce more and larger leaves which are more spreading, thus giving an 
earlier and better soil cover. This is a favourable feature for weed control. It is possible 
that this fact enables them to assimilate more. From investigations of BOONSTRA (1) 
it appeared that beets which have produced a large quantity of leaves by the end of 
June can later store more assimilates in the roots. 

No great differences were found in dry matter, protein and sugar content. There is 
a wide variability and so a selection for higher contents is possible. In the case of 
sugar beets attention can be paid to sugar content and in fodder beets to dry matter 
production. The improvement of the crude protein content is still a matter of re- 
search. In general a higher production is obtained by a high fresh weight of beets. 
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It should be remarked that the trial fields for tetraploids are harvested a little too early 
to get a maximum production. 

The differences in germinating capacity and average size of clusters of the tetraploid 
families are conspicuous and these are probably due to the presence of aneuploids. 
This difference can also be observed on trial fields, where larger beets grow by the 
side of smaller ones with a different leaf type. When selection is continued, these 
differences will gradually be levelled by paying special attention to well-growing 
stecklings. The deviating numbers of chromosomes should be noticed in the cyto- 
logical examination. On the one hand a sharp selection on the number of chromo- 
somes can be made in the young material. In this case a large number of beets must be 
examined in order to secure a sufficiently broad basis for the selection. On the other 
hand the breeder wants to gain an impression of the value of the tetraploid material 
as soon as possible. He will not carry out a strict selection for purity but he wants to 
increase the tetraploid families rapidly in order to get results of his trials as soon as 
possible. By examining later for pure tetraploids in young stecklings and by cytological 
examination in the second year of growth he will be able to build up pure tetraploid 
families. 

In general it is recommendable to set no strict standards for the assessment of the 
value of the genetically young C‚ material. It is better to increase it rapidly whereby 
later an even increasingly severe selection can be practised. 

From the results obtained it follows that the tetraploid varieties can produce as 
much as the diploid varieties, which does not mean, however, that the creation of 
polyploid varieties should be abandoned. It is only asserted that the material is 
valuable and can be used for several purposes. 

Bolter resistance is fair since fewer bolters occurred than in the diploid commer- 
cialized varieties. It is unknown whether the seed can be sown earlier because in this 
matter the minimum germinating temperature and the resistance of the seedlings to 
unfavourable weather conditions has to be taken into account. 

The number of germs is on average lower than that of diploid commercial varieties. 
The occurrence of a large number of monogerm clusters can be an advantage when 
the crop is being thinned if the sowing has been carried out with a precision apparatus, 
making allowance for the texture of the soil. It is then recommended to sieve the 
seed in order to obtain an even distribution. 

The results with the genetically young material roughly agree with the experience 
of RASMUSSON (4) and others (3, 5). If a sufficiently broad basis for the breeding is ob- 
tained the material offers many possibilities. When selection is continued the occurrence 
of aneuploids will become less and less and this will increase the growth and fertility 
of the tetraploids. 


SUMMARY 


In recent years trial fields were laid out with tetraploid families of the sugar beet 
varieties SX and SY, the fodder sugar beet varieties VA and VB and the fodder beet 
varieties VC (high content) and VD (low content). 

It appeared that the tetraploid beets are morphologically distinct from the diploid 
commercial varieties in leaf form, leaf development, form of the beet, tendency to 
bolt, size of the clusters and the number of seedlings per cluster. 
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The beets of all the plots are washed, weighed and measured for dry matter, sugar 
and crude protein content and seed for stecklings is sown on a separate trial field. 
From the results it appears that there is a variation in the above-mentioned con- 
tents so that it seems possible to improve the material by selection. This also holds for 
the dry matter production which agrees with that of diploid commercial varieties. 
The investigations are being continued. 


SAMENVATTING 


Het verkrijgen van tetraploide bieten. IV. Morfologische en 
fysiologische eigenschappen van de C; bieten 


In de laatste jaren werden proefvelden aangelegd met de tetraploide families van de 
suikerbieten SX en SY, de voedersuikerbieten VA en VB en de voederbieten VC (met 
hoog gehalte) en VD (met laag gehalte). 

Het blijkt, dat de tetraploide bieten zich morfologisch onderscheiden van de di- 
ploide handelsrassen door de bladvorm, de bladontwikkeling, de vorm van de biet, 
de schieterneiging, de grootte van de kluwens en het aantal kiemplanten per kluwen. 

In het nieuwe bietenlaboratorium worden de veldjes in hun geheel gewassen, ge- 
wogen en gebruikt voor de bepaling van het drogestof-, suiker- en eiwitgehalte. Het- 
zelfde zaad is op een apart proefveld uitgezaaid, teneinde de beschikking te hebben 
over stekbieten voor voortzetting van de selectie. 

Uit de resultaten blijkt, dat er variatie voorkomt in de gehalten, waardoor selectie 
mogelijk is. Dit geldt ook voor de drogestofopbrengsten, welke die van de diploide 
handelsfassen evenaren. 

Het onderzoek wordt voortgezet. 
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Some 100 representatives from 13 European countries came to Wageningen in the 
first week of July 1956 to participate in the first Congress of the European Association 
for Research on Plant Breeding (Eucarpia). 

As appears from the statutes this Association aims at promoting scientific and 
technical research in the field of plant breeding by international cooperation in order 
to contribute to the progress of agricultural production. It is intended to include agri- 
culture, horticulture and sylviculture in its activities. Any activity in connection with 
private economic interests is excluded in order to preserve its purely scientific charac- 
ter. 

The view has been taken that members should be natural persons so that private 
breeding establishments, institutes of plant breeding and national organizations in 
the field of plant breeding are excluded from membership. Those persons will be 
considered eligible as members who carry out scientific research or who work in 
practice in the field of plant breeding and who have achieved results in this field. 
Exchange of ideas, experience and genetic material between members will be furthered 
by the institution of different sections and working groups. 

The congress as such was preceded by a Constituent Assembly which was officially 
opened by Ir. A. W. VAN DE PLASSCHE, General Director of Agriculture in The 
Netherlands. 

After the chairman of the Preparatory Committee, Prof. Dr. J. C. Dorst, had given 
details of the above considerations, the Association was set up by acclamation. 

It was decided to compose a Board from the participating countries in such a way 
that each of the countries will be represented by one member. 

After a consultation the delegations finally nominated the following persons to 
represent the members of their countries in the Board: 

Austria (Prof. Dr. L. M. Korerz), Belgium (Prof. EM. LAROSE), Denmark (Mr. R. 
KRISTENSEN), Finland (Prof. Dr. V. Prsora), France (Dr. J. BUSTARRET), Germany 
(Prof. Dr. W. Ruporr), Italy (Prof. C. MALIANI), The Netherlands (Prof. Dr. J. C. 
Dorst), Norway (Prof. H. WEXELSEN), Spain (Dr. M. ESTERUELAS), Sweden (Prof. 
Dr. E. ÄKERBERG), Yugoslavia (Prof. Dr. A. TAVÈAR). 

Further Prof. Dr. J. C. Dorst (The Netherlands) was nominated President for the 
next three years and Prof. Dr. W. RUDoRF (Germany) and Dr. J. BUSTARRET (France) 
were elected Ist and 2nd Vice-President respectively. 

To ensure satisfactory co-operation between the Executive Committee and the 
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Fi. 1. VIEW OF A MEETING IN THE AUDITORY OF THE AGRICULTURAL UNIVERSITY 


A 


FIG. 2. FROM LEFT TO RIGHT PROF. DR. W. RUDORF, PROF. DR. J. C. DORST (PRESIDENT), IR. J. J. DE JONG 
(SECR.), DR. J. BUSTARRET 
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Fis. 3 AND 4. LANGUAGE-DIFFERENCES WERE OBVIATED BY SIMULTANEOUS TRANSLATION 
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sections, it was suggested to extend the Executive Committee, consisting of the Presi- 
dent and the two Vice-Presidents, by two section-chairmen. 

The question might arise why the Preparatory Committee with the institution has 
restricted itself and has not tried to establish a more international organization. The 
committee has been of the opinion, however, that a modest start would be more 
appropriate and that the General Assembly and the Board should be free also to 
invite for participation those countries which have not been asked to attend the con- 
stituent meeting. 

From an organizational point of view it is extremely difficult to extend the sphere of 
activities of the Association to other continents. 

The Assembly supported the proposal to fix the annual subscription at 10 guilders 
for members under 30 and at 25 guilders (or an equivalent in foreign currency) for 
older members. For the younger scientific and practical workers a lower subscription 
has been established in order to enable this group to join the Association without 
financial difficulties. 

The following sections have been set up provisionally: 


Ll. Potatoes, 2. Cereals, 3. Fodder Crops, 4. Horticultural Crops, 5. Methods and 
Techniques, 6. Physiology and 7. Mutations. It is intended that the Board will reservea _ 
certain liberty as regards the institution and the scope of activities of sections and wor- 
king groups. As long as a particular section or working group is considered useful it 
should be maintained but as soon as this would no longer be the case other subjects 
or erops,‚would have to be dealt with. The Assembly has urged the Board to have the 
sections start as soon as possible. 


Itis intended to organize congresses, every three years in another country. It was 
proposed to hold the 2nd Congress in Germany in 1959. The German delegation ac- 
cepted this invitation. 

Finally the Assembly decided to send a telegram of homage to Prof. Dr. E. vON 
TSCHERMAK (Austria), as a pioneer in the field of scientific plant breeding. 


Then the actual congress was opened with a lecture of the newly appointed Presi- 
dent. Prof. DoRsT expressed the hope and expectation that the new Association will 
contribute to a successful development of plant breeding. 

The following speakers had been invited: 


Prof. Dr. W. Ruporr (Germany) Wild species and primitive forms of our cultural 
crops as reservoirs of genes. 

Prof. Dr. Á. GUSTAFFSON (Sweden) Induced mutation and plant breeding. 

Dr. M. SIMONET (France) Interspecific and intergeneric hybridization. 


The lectures were followed by keen discussions. 

Moreover, Prof. Dorst, Dr. O. BANGA and Dr. H. VAN VLOTEN (The Netherlands) 
gave a survey!) of the development and organization of plant breeding in the Nether- 
lands following the suggestion of the Preparatory Committee that at each congress 
the country acting as hostess should introduce participants into its internal state of 
affairs as far as plant breeding is concerned. 


t) To appear in the first issue of Euphytica 6 (1957). 
326 


EUROPEAN ASSOCIATION FOR RESEARCH ON PLANT BREEDING 


Fia. 5. VISIT TO THE EXPERIMENTS ON TETRAPLOID BEETS; IN THE BACKGROUND DAYLENGTH EQUIPMENT 
OF THE S.V.P. 


Fig. 6. VISIT TO THE BARLEY TRIAL FIELDS OF THE S.V.P. 


J.J. DE JONG 


The congress was concluded with an excursion to the North East Polder where the 
breeding station of the Foundation for Agricultural Plant Breeding (S.V.P.), the Prof. 
Broekema-farm at Marknesse, and the Trials and Control Farm of the Netherlands 
General Inspection Service (N.A.K.), the Dr. J. G. Oortwijn Botjes Farm at Emmel- 
oord, were visited. After that the party went via Harderwijk to Lelystad where they 
could gain an impression of the construction of a dyke for the new polder of Oost- 
Flevoland. 


SAMENVATTING 


De oprichtingsvergadering en het eerste congres van de Europese Vereniging voor 
Veredelingsonderzoek, gehouden te Wageningen op 2, 3 en 4 juli 1956 
Een verslag wordt gegeven van de oprichtingsvergadering van de Europese Vereni- 
ging voor Veredelingsonderzoek (Eucarpia) en haar le congres, dat bijgewoond werd 
door 100 genodigden uit 13 landen. 
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INTRODUCTION 


Binomial Probability Paper, designed in 1946 by MOSTELLER and TUKEY, is a useful 
tool for genetic analyses, especially with reference to the segregation-ratio in a progeny 
based upon a binomial distribution. The paper is graduated with a square-root scale 
on both axes: the distance from a point on a coordinate axis to the origin is the square 
root of the value indicated. CORSTEN has called it: Double Square-root Paper (“Dub- 
bel-Vierkantswortel Papier’). 

A brief explanation of the mathematical background will be followed by four 
examples, after which some data on the accuracy are given. 


MATHEMATICAL BACKGROUND 
The basic idea involved is R. A. FisHER’s transformation: 
cos?p; =njjn (n=Xn;) 


in which the observed numbers n,, 73, … nj, of a multinomial, discontinuous distri- 
bution are transformed into direction angles @;, @a, … … @, Which have approxima- 
tely normal distribution with standard deviation 1:2/n, the angles measured in 
radians. 

Now let k and n—k be the observed numbers in two categories in which k has a 
binomial distribution with a probability p. Such a pair of observed numbers will be 
referred to as a paired count. It is plotted in a graph (fig. 1) as the point with the 
rectangular coordinates (distances) /k and /n—k. 

For a number of samples of n individuals from the same distribution the points are 
all situated on a circle with centre in the origin and radius /n. In figure 1 three points 
have been plotted. The pair of expectation values, np, n(l —p) is represented on this 
circle by the point [/np, /n(l—p)]. The straight line plotted through the origin 
and this point is referred to as the split. It passes through all points whose coordinates 
represent the same ratio, p : (l—p). Apparently the lengths of the arcs between the 
points and the split have approximately normal distributions with zero mean and 
standard deviation of 1: 2/n radian. Multiplied with the length of the radius, the 
standard deviation in absolute measure is 4, which appears to be independent of the 
size of the sample. 

This is the reason why Binomial Probability Paper (B.P.- paper) is of great practical 
value. 

A simplification is obtained by replacing the arcs by the distances from the paired 
counts to the split. 
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Vap;Vn{1=p)) 


Fig. 1. GRAPH FOR THE SEGREGATION-RATIO p: (1 — p) 


MOSTELLER and TUKEY found empirically a modification, which improved the ap- 
proximations near p — O and p — 1, namely by adding $ to each coordinate, thus 
passing from (k, n—k) to (k +5, n—k+$). 

Most of the applications of B.P. paper deal with tests of hypotheses. Given p and » 
a critical region k <r — r(p, n) is determined by a choice of r. If k >r the hypothesis 
(p‚, 1—p) will be accepted, and if k Sr it will be rejected. The number r + 4 can act 
as an unambiguous frontier between the critical and the non-critical integers, yielding 
the point (r+}, n—r—}). In accordance with the last paragraph this frontier is 
scored on the graph as if it were (r +1, n—r). For a test in the other direction the 
other coordinate is increased by unity, which gives (r‚ n—r +1). 

Therefore MOSTELLER and TUKEY plot a paired count asa triangle, with 
sides extending one scale unit in the positive directions of the axes from its right angle 
vertex, which has the paired count for its coordinates. For a test of hypothesis the 
distance from a paired count to the split is measured as the shortest distance 
from the triangle to (and perpendicular on) the split. The centre of the hypothenusa 
is the point (k +5, n—k + 5) which, in view of the modification of MOSTELLER and 
TUkKey, mentioned above, yields a better estimate of p : (l—p). For large samples the 
triangle will be practically reduced to a line-segment or to a dot. 

Now let a split be drawn which represents the given hypothetical binomial distri- 
bution (e.g. p : (l—p) — 1:3). Let a number of paired counts, samples from the given 
distribution, be entered in the graph. As mentioned before the standard deviation of 
the distances from the paired counts to the split is 4, independent of the size of the 
samples. In the graph this is half the distance from the origin to the point 1 on a 
coordinate axis. In the original B.P. paper, as printed by Codex Book Cy (see ref- 
erences) o amounts to 5.08 mm, as stated by the designers. Two straight lines drawn 
parallel to the split on both sides at distances of 1.965 — 10.0 mm from the split, 
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limit a region within which 95 % of all sampled paired counts from the universe may 
be expected; the remaining 5 % will be found outside the limiting lines. 

Now let there be another sample of which it is not known whether it belongs to the 
universe. If this paired count, i.e. the whole triangle, falls within the critical region, 
that is outside the parallel lines, we decide for this sample to reject the given hypo- 
thesis at a significance level of 0.05. 

In table no. 1 some normal deviates with matching significance levels, for two-sided 
and one-sided critical regions, have been recorded. 


TABLE 1. SIGNIFICANCE LEVELS FUR DEVIATES IN MILLIMETERS 
FOR CODEX) BINOMIAL PROBABILITY PAPER 


Dein n Multiple of Significance level 
millimeters | (— 5.08 mm) one-sided | two-sided 
| 
0 | 0 50 % 100 % 
1.3 | 0.253 40 80 
DET | 0.524 30 60 
3.4 0.674 25 50 
4.3 0.842 20 40 
5.3 | 1.036 15 30 
6.5 1.282 in 0 20 
8.4 1.645 5 10 
10.0 | 1.960 2.5 5 
11.8 2.326 1.0 2 
13.1 | 2.576 0.5 1 
15.7 | 3.090 0.1 0.2 


At the left top of the original B.P.-paper a line has been drawn to indicate multiples 
of the individual standard deviation (“Full Scale”). In fig. 2 the paper has been 
truncated, the abscis running from O to 150 instead of 600. 

The quarter circle with centre in the origin on the B.P.-paper indicates the place on 
the splits where the coordinates add up ton — 100, thus facilitating the reading of the 
value of a split in percentages. 


APPLICATIONS 


Some of the applications of B.P.-paper, probably of most importance in genetic 
studies, will be explained by means of three examples, chosen from the 21 given by 
MOSTELLER and TUKeY. They are followed by a special problem for which B.P.-paper 
appeared to be useful. 


Example 1 

Given a paired count of numbers in two categories in a sample, it is asked whether 
these numbers agree with a given theoretical sampling probability. For instance: an 
F, segregates in the numbers 115:25. The expectation was 3: 1. It is asked whether the 
departure from the expected numbers, 105:35, is significant. The paired count is 
plotted on B.P.-paper as a triangle, (115, 25), (115, 26) and (116, 25). The split 3:1 is 
drawn, after which the short distance of the paired count to the split appears to amount 
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Fig. 2. THE USE OF BINOMIAL PROBABILITY PAPER 
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to 9.5 mm. From the table it appears that a departure in both directions of at least 
this size may be expected with a probability of more than 5 %. Therefore the deviation 
from the expectation is not significant and the hypothesis need not be rejected. 


Example 2. 


À test will be expected to give significant evidence whether a certain character appears 
in one half, or in one quarter of a progeny of a certain mating. What is the smallest 
size of the progeny that will give significant evidence against at least one of the theories 
at the one-sided $ per cent level? A straight Ene is drawn at 13.1 mm distance parallel 
to and below the split 1: 1, and another line at the same distance parallel to and above 
the split 3: 1. These lines correspond with a one-sided $ % significance level. They 
intersect at the point (63, 37). This point separates the triangle (63, 36), (63, 37), (64, 36) 
from the triangle (62, 37), (62, 38), (63, 37). Therefore the point (63, 36) is exactly 
beyond the 1 % significance level from the 1:1 split, while (62, 37) is beyond the 1 % 
level from the 3:1 split. Thus a progeny of 99 individuals should be large enough. It 
should be mentioned that the real significance level is at 0.5 % level, as we test against 
one alternative hypothesis, one-sided only. 


Example 3 


The progenies of ten plants segregate in a certain character, probably mono- 
factorial, into the following numbers of alternative types: 


Plant ar. | DOO RE NN de Re | Total 
Number type A EEE TL ee oP 62 
Numbertype Be. |. 22--20.e15. 22 22, 151413 421, 32 40 222 


It is asked whether the segregations are homogeneous and upon which ratio they 
might be based. The 10 points are plotted as triangles. The totals give the paired count 
(62, 222). With this point as a centre a circle is drawn with a radius of 10 mm. The two 
tangents through the origin mark the confidence limits of the segregation ratio upon 
which the result may be based. It may be presumed that the true ratio is 1:3, which 
split is now drawn. The distance from this split to the remotest paired count, measured 
as short distance, appears to be 9 mm. Therefore there is no objection to accepting 
a segregation ratio 1:3 for the entire experiment. 


SPECIAL PROBLEM 


This problem refers to data from a pilot-investigation, not yet published, of Dr. 
BANGA, which he was kind enough to allow me to use. It concerns male-sterility of 
Daucus carota, which normally bears bisexual flowers. In some cases, however, indi- 
viduals referred to as ““male-sterile” are found, whose stamina have not developed. 
In this investigation male-sterile plants grown from imported seed were mated freely 
with normal bisexual plants from different varieties of Dutch origin. Twenty seeds 
from each of the 124 male-sterile mother plants were planted to obtain progenies, 
which varied in number from 17 to zero, owing to bad germination. These progenies 
may segregate into normal bisexual and male-sterile plants, each giving a paired 
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Fig. 3. SEGREGATION OF PROGENIES FROM DAUCUS CAROTA, MALE-STERILE X NORMAL PLANTS 


count which was entered on binomial probability paper. As the progenies were small 
in number a spectal large-scale graph was drawn (fig. 3). As many paired counts 
coincide, a number indicating the frequency was noted in the lower left angle of the 
triangle, which stands for the paired count. For the sake of clearness of the chart the 
hypothenusae of the triangles were not drawn, with the exception of the hypothenusa 
belonging to (2, 11) which was drawn. 

Apparently progenies entirely consisting of normal plants do not occur. 

There appears to be a slight tendency of concentration around the splits 1:1, 3:1 
and 1:0, which were drawn and indicated by a,, bg and co (the abscis). Working on 
these data Dr. BANGA could draw a preliminary genetical hypothesis (not to be ex- 
plained here) which would be most acceptable if the segregation b, 3: 1, would occur 
with a chance twice as large as the segregation a, 1: 1 and c, 1:0 respectively. Now we 
want to test this hypothesis. 

In the first place the short distance of the paired count (2, 11) from the split a, was 
measured and appeared to be 2,255; this deviation is not significant on the two-tailed 
1 % level and therefore can not upset the hypothesis. The other paired counts are 
all nearer to any drawn split; therefore it may be concluded that all samples may be 
explained by at least one of the hypothetical segregations. 

To check whether the frequencies of the three possible segregations, a, band c agree 


334 


| 


SOME APPLICATIONS OF BINOMIAL PROBABILITY PAPER 


with the odds 4, $ and 4 respectively, only progenies with at least 10 plants have been 
used, which gives a number of 71 progenies. The expected values of the frequencies are 
17, 354 and 17Â respectively. However, the normal ranges in the three categories 
overlap considerably. 

Parallel to, and at distances of 1,96 o from the splits a, and bo, four lines were drawn, 
indicated by a,, as, bj and b,. Within the region between a, and a, 95 % of the a-dis- 
tribution, that is the paired counts based on the a-segregation, are expected. The 
same holds for the b-segregation between the lines b, and bs. All progenies that can 
have only male-sterile plants, must lie in the lowest row of paired counts. Above 
the split a, which is expected to be the median of the a-distribution, we expect one 
half of all paired counts from this distribution plus a very small percentage (circa 
25 %) of the b-distribution, which we neglect. 

If we allot half of the four paired counts in (5,5) and (6,6) to the upper half of the 
a-distribution, this part has 12 paired counts. 

As the split b, happens to cross the same paired counts as the line a,, we may again 
consider the total frequency in the region between a, and b, as a rough estimate of the 
lower half of the a-distribution plus the upper half of the b-distribution. The frequen- 
cies in the paired counts (8,2) and (11,3) are allotted to the upper half and lower half 
of the b-distribution proportional to the segments in which the hypotenusae are cut 
by the split bo; this yields two points for the upper half and 5 for the lower half. Thus 
we find 24 paired counts between the splits a, and bo. 

The remaining 35 paired counts under the split bo, belong to the lower half of the 
b-distribution plus the c-distribution. The line b, again happens to cross the ordinate- 
line for the value 1, which is the upper limit for the c-distribution. Below this line we 
find 19 paired counts, of which one may be alloted to the lower half of the b-distri- 
bution, according to the same principle as mentioned before. Thus 18 paired counts 
remain for the c-distribution, leaving 35-18 — 17 paired counts in the lower half of 
the b-distribution. 

Thus we found: 


12 paired counts in the upper half of the a-distribution 


24 „ >» » lower half of the a-distribution plus the 
upper half of the b-distribution 

TTN >» » lower half of the b-distribution 

LS ss» C-distribution 


Now let 1, m3, mg and m, be the total numbers of paired counts present in the four 
regions mentioned above. Let u, to, #3 and uy be the expected numbers in these re- 
gions, depending on the hypothetical proportions p‚‚ pj and p‚ of the numbers of 
progenies segregating on the bases of the ratios a= 1:1, b=3:l and c = 1:0. Then 
MF Mah Mgt M= HH at gt 4 N 

Hence we can write: 


en 3 PaN 

Ha = 5 (Pa + Pp) N 
da EPN 
Hape 
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Under the hypothesis p‚= }, p‚ = + and p‚=— 4, the values of u are: 


M= NS St 
te 3 NIS 200 
Bs ANS WS 
Mi ZN ned 


__ Now we may test these values of u. against m, by: 


4 (mjw) 
x= XL —__—_— (3 degrees of freedom) 
i=l Wi 
Thus we find: 
(12— 89)? (24— 26.6? (17—1775? (18 — 17.75} 
bleem nemen nnn ne an mne  k 
8.9 26.6 17.75 1775 


This value of 7? is far below the critical value for 5 % significance level and three 
degrees of freedom, which is 7.815. 

Therefore we may conclude that BANGA’s preliminary hypothesis need not be re- 
jected. 

It is interesting from a mathematical point of view to check what alternative hypo- 
thetical proportions of the three segregations would be in conflict with the results. We 
computed the following values of y°: 


Po: Pr: Pe teAl yields" PSZ AE 
Lede 6.0 
OEZ 1.4 
leenden 3.6 
PARSE KRS 


We find that the first and the last values of y * are in the 1 % critical region. But as to 
the likelihood of proportions between 1:3:1 and 1:1:1 no mathematic discrimination 
may be expected from the data available. For such a discrimination larger or more 
experiments are needed. From Example 2 we know that about 100 plants are needed 
to infer whether a progeny is based upon the segregation 3:1 or 1:1. 

Anyhow this graph paper was a considerable help in displaying the outcome of the 
progeny tests, to build up a working hypothesis and roughly to test whether this theory 
would stand the results reached so far. 


THE ACCURACY 


As emphasised before the use of Binomial Probability Paper is based upon an 
empirical approximation, which, however, according to the designers, is “extra- 
ordinarily good near the 1 % to 5 % points, and remarkably good in general”. To 
find the measure of accuracy for small samples we have found the confidence limits 
for a probability p, which can be considered an expectation value of sampling fractions 
k{n in binomial sampling, in which » is the size of the sample and k is the number of 
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individuals in one of both categories (the number in the other category being n—k). 
The confidence limits as read from Binomial Probability Paper (B.P.P.) we compared 
with readings from PEARSON and HARTLEY, table 41 (P & H), which is exact. The 
readings are based upon two-tailed critical regions. In table 2 the results have been 
recorded for sample sizes of 8, 16 and 30. For samples from 40 and larger no appre- 
ciable discrepancies have been found. 


TABLE 2. CONFIDENCE LIMITS FOR THE BINOMIAL PARAMETER DP, GIVEN AN EXPERIMENTAL SAMPLING 
FRACTION K/n; AS OBTAINED FROM BINOMIAL PROBABILITY PAPER (B.P.P.) AND FROM PEARSON 
& HARTLEY’s CHART (P & H) 


Confidence coefficient Confidence coefficient 
1 —2a —= 0.95 1 — 2a —= 0.99 
EE upper limit lower limit upper limit lower limit 
BPP P&H BPP P&H BPP P&H BPP P&H 
0/8 03037 0 0 049 0.48 0) 0 
1/8 OE SMR OSD, = — | 0.65 0.63 — — 
2/8 0.66 0.65 | 0.03 0.04 0.76 0.74 0.01 0.02 
3/8 O6 ROS 0.08 0.09 0.85 0.83 0.03 0.05 
4/8 0.85 0.84 ONS RRONG 0.92 0.90 0.08 0.10 
0/16 0.20 0.20 0 (0) 0.28 0.28 0) 0 
1/16 0.30 0.30 | — — 0.38 0.38 — — 
2/16 0.38 0.38 0.02 0.03 0.46 0.46 0.01 0.01 
3/16 0.46 045 0.04 0.05 | OSSSRRROSS 0.02 0.03 
4/16 ORS SEO 0.07 0.08 0.59 0.59 0.04 0.05 
5/16 0.59 0.58 6.10 0.11 0.66 0.65 0.07 0.08 
6/16 0.65 0.64 0.15 0.16 O2 ROE 0.10 0.11 
7/16 0.71 0.70 0.19 0.20 ORT O6 0.14 0.15 
8/16 OOM 075 0:24 0.25 0.82 0.81 0.18 0.19 
0/30 (Or SCO | 0 0 0.16 0.16 0) 0 
5/30 OSSMROSS | 0.06 0.06 0.40 0.40 0.03 0.03 
10/30 OESO OOMS 0.59 0.58 O5 0.14 
15/30 0.69 0.68 OS Tr 0532 0.74 0.73 0.26 0.27 
20/40 0.66 0.66 0.34 0.34 0.70 0.70 0.30 0.30 


The agreement is surprising. The confidence region of p as read from B.P.-paper 
appears to be somewhat too large for small samples, especially for values of k/n near 
0.5. In practice this discrepancy will not be of much importance. It means that points 
very near the B.P.-paper critical region, may be in fact in the exact critical region with 
the same size, especially when small samples are involved. 


The author’s thanks are due to Prof. N. H. KurPer for valuable remarks. 


SUMMARY 


The article deals with “Binomial Probability Paper’, designed by MOSTELLER and 
Tukey. This paper provides a quick approximate method for solving various genetic 
problems. After a brief mathematical exposition some uses are given in four examples. 
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The accuracy appears to be surprizingly good; even for small samples (n — 8) the 
accuracy is satisfactory for all practical uses. 


SAMENVATTING 


Enige toepassingen van “Binomiaal Waarschijnlijkheidspapier” bij genetische analyses 


Het artikel behandelt het “Binomiaal Waarschijnlijkheidspapier” dat in 1946 is ont- 
worpen door MOSTELLER en TUKEY en uitgegeven wordt door Codex Book Cy, Nor- 
wood, Mass. (no. 31298, 2 dollar per 100 vel). 

Met behulp van dit papier kunnen verschillende problemen, die op een binomiale 
kansverdeling berusten, op gemakkelijke wijze snel worden opgelost. Derhalve kan 
het een handig hulpmiddel zijn voor de genetica. Het is een benaderingsmethode, 
maar de nauwkeurigheid blijkt verrassend goed; zelfs voor kleine monsters (n — 8) 
is de nauwkeurigheid voor de praktijk voldoende. 

Na een beknopte wiskundige uiteenzetting worden RS toepassingen aan de hand 
van voorbeelden toegelicht. 
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INTRODUCTION 


Commercial jute is derived from bast fibres of Corchorus capsularis and C. olitorius, 
cultivated extensively in East Pakistan. Both the species are diploid (2n — 14). While 
C. capsularis grows on high as well as on low lands and produces fibres of good tex- 
ture and colour, C. olitorius, a higher yielder, can grow only on high lands and yields 
fibre of greater tensile strength. The association of good characters from both the 
species into one will be a great contribution to the improvement of jute. For this 
reason attempts have been made for many years to hybridize the two species at the 
diploid level but without much success. However, in several cases where interspecific 
crosses had failed at the diploid level, desirable results were achieved first by obtain- 
ing autotetraploids and then crossing them to produce amphidiploids. Considering 
that the same may be true for jute, “tetraploids” of the two species were produced 
using aqueous solutions of colchicine °). Observations made on these tetraploids are 
reported in the following pages. 


MATERIALS AND METHODS 


Varieties D-154 and C-412 of C. capsularis and 0-632, 0-753 and C.G. of C. olitorius 
were used in the experiment. Seedlings were raised in petri dishes as well as in pots and 
0.1 and 0.2 per cent. aqueous solutions of colchicine were applied to them according 
to two methods: (1) The apices of young seedlings were immersed for 24 hours in 
colchicine solutions while roots were covered with water-soaked cotton. The plants 
were then washed with distilled water and planted in 10” pots. (2) Drops of colchicine 
were placed between two cotyledons prior to the emergence of the first leaf. After 
24 hours the tips were washed with distilled water and they were allowed to grow in 
10” pots. 

When the plants were about two months old, chromosome counts were made from 
the leaf tips by smear methods. Some of the treated plants showed chromosome dou- 
bling. Comparative studies of these tetraploids along with their diploid counterparts 
were made in both C‚ and C‚ generations. 


OBSERVATIONS 


Habit: The tetraploids of all the varieties grew to plants of lesser height than those 
of the diploids. C, tetraploids were, however, taller than their C‚ counterparts and 


1) The paper was read at the Eighth Pakistan Science Conference held at Dacca, 1956. 
2) The tetraploid plants were raised by S. D. CHAUDHURI, M. A. JABBAR and A. S. ISLAM (now 
at Sind University). 


339 


S.D. CHAUDHURI, A. M. EUNUS AND M. A. JABBAR 


some of them became almost as tall as the diploids. The heights of the tetraploids 
along with their diploid counterparts are shown in Table 1. 


TABLE 1. PLANT HEIGHT IN FEET 


Tetraploid Diploid 
i No. of plants 
Variety involved 
1954 (C‚) 1955 (C) 1954 1955 
C.G. 6.33 + 1.02 8.30 + 1.41 9/83 + 0.94 981 + 1.20 10 
O-632 6.83 + 0.96 942 + 1.03 — 10/.54 + 0.87 10 
O-753 6.0 + 1.01 SOD 2 OESO SM NLOL TS IEERROS 10 
D-154 4.91 + 1.12 5/.63 + 0.86 8/.20 + 0.74 7.92 + 0.98 10 
C-412 5/42 + 1.08 6.35 + 0.95 — 8.25 + 0.93 10 


Leaves: As was expected in polyploids, leaves of tetraploids were broader, thicker, 
coarser, thick-veined, more irregularly serrated and darker green in colour than those 
of their diploid counterparts. Leaves of C, tetraploids were less coarse and more 
uniformly serrated than those of C,‚ plants. Breadth/length ratios of leaves were 
found to be greater in tetraploids due to more increase in breadth than in length of 
their leaf blades (Table 2). In tetraploids of C. capsularis, leaves became relatively 
more broad resulting in distinctly higher breadth/length ratios, while in C. olitorius 
the latter were not so high in tetraploids although average leaf areas increased signif- 
icantly in tetraploids compared to those in diploid strains. This was apparently due 
to an increase in both the length and breadth of leaf blades. Higher breadth/length 
index is one of the few characters with which an induced polyploid can outwardly 
be distinguished from its diploid counterpart as reported in tomato (JORGENSON, 
1928), apples (NirssoN-Eure, 1938), sugar beet (RASMUSSON and LEVAN, 1939) and in 
gooseberry (VAARAMA, 1947). 


TABLE 2. BREADTH/LENGTH RATIO OF LEAF BLADES 


Tetraploid Diploid 
Variety No. of leaves 
measured 
1954 (C‚) 1955 (C‚) 1954 1955 
Ge 0.49 0.47 0.42 0.44 20 
0-632 — 0.52 — 0.45 20 
O-753 0.63 0.53 0.54 0.44 20 
D-154 0.60 0.64 049 _ 0.52 20 
C-412 — 0.45 — 0.41 20 


The dimensions of guard cells and of stomatal pores were also found to increase 
in the tetraploids (Table 3). Similar observations were made by LINDSTROM and Koos 
(1931) in tomato, DERMEN (1947) in pear, KERNS and COLLINS (1947) in pineapple and 
Rire (1948) in coleus among others. The number of stomata per unit area of tetraploid 
leaves appeared appreciably less than that in diploids. The varieties of C. olitorius 
exhibited more decrease in stomatal number compared to those of C. capsularis. 
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TABLE 3. MEASUREMENTS OF STOMATA 
Ze Ee ee de dn 


s Tetraploid Diploid 
5 
8 Guard cells Aperture No. of Guard cells | Aperture No. of 
5) stomata stomata 
6) I/b I/b Ib I/b 
hd 
Ie 38.75 26.84 | he 26.25 16.31 es B 
ee 25.87 10.68 in 20.73 7.00 hk 
| 42.82 25.60 | 29.00 15.21 
E O-753 Ben es O1 es en 6e 
ö 2 24.00 9.86 Sol betoo00 oes PO s2e 
O-632 
Sen 32.00 23.9 amet: 25.6 15.4 REE 
7 25.40 78 En 19.26 6.85 Ee 
142 
Ben | ie 40.95 26.95 Een 26.60 16.10 glen 
Ee 26.60 11.20 nr 4 21.00 7.70 belet 
NG 38.85 26.60 men 26.60 16.10 En 
à 26.25 10.15 ie 21.00 7.00 Es 
K eb 41.65 26.95 be 24.15 16.10 owes 
5 _ 27.30 11.95 ha 21.00 7.00 i ij 
Rans, 37.10 27.65 ee 27.30 16.80 OE 
ì 22.05 7.70 i 18.90 5.95 EEL 
35.35 25.20 oe 22.75 14.05 EE 
' 21.70 8.40 iS 17.50 5.24 pn: 


Flower: There did not appear any significant difference in the time of flowering 
between tetraploid and diploid strains of C. olitorius but the tetraploids of C. capsu- 
laris flowered later than the diploids. The flowers of all tetraploids were found to be 
larger than their diploid counterparts, particularly due to an increase in the length 
and width of sepals and petals (Table 4). That polyploid flowers become larger than 
diploid counterparts was reported by LINDSTROM and Koos (1931) in tomato, MORRI- 
SON (1938) in Zinnia, MURRAY (1940) in Amarantus, BLAKESLEE (1941) in Portulaca, 
EMSWELLER and RUTrTreE (1941) in Phlox, Calendula, Gladiolus and Lilium species 
and SHIFRISS (1942) in Cucumis. 

The average number of stamens became fewer in tetraploids compared with that 
in diploids of C. olitorius, while in C. capsularis the stamen number remained almost 
the same both in the tetraploid and diploid strains. The number of stamens varied 
greatly in different flowers of the same plants of tetraploid and diploid strains. The 
variation appeared mainly due to the difference in place of origin of flowers. A few 
anthers of some tetraploid flowers were observed partly converted into petals. 


The percentage of stained pollen grains and their dimensions in both the diploid 
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TABLE 4. MEASUREMENTS OF PETALS AND SEPALS IN MM 


en 


Petals Sepals 
Variety Tetraploid Diploid Tetraploid Diploid 
I/b I/b I/b I/b 
gen ge ug ee TL 

8.60 -- 0.63 8.30 + 0.20 8.30 —+ 0.10 8.16 + 0.33 
En 4.52 + 0.32 3.66 -- 0.18 2.54 + 0.18 2.08 + 0.11 
11.36 + 0.33 9.52 + 0.45 10.14 + 0.28 9.02 + 0.37 
ORE 6.04 + 0.20 ERD) 2.94 + 0.08 2.48 + 0.15 
9.86 + 0.33 8250030 10.52 + 0.37 8.26 + 0.23 
SA 5.00 —+ 0.16 80.0 2.84 + 0.11 2.20 + 0.11 
za 5.29 + 0.18 5.06 —+ 0.18 417 + 0.15 4.07 + 0.20 
k 2651202 205 1.60 + 0.14 1.36 + 0.10 
| 5.30 + 0.18 4.56 + 0.11 4.56 + 0.20 3.96 + 0.17 
5 20 1.86 + 0.09 1.86 + 0.09 1.35 + 0.09 


— length, b — breadth, 0 sf 


and tetraploid strains were determined in acetocarmine and as was expected, in the 
tetraploids stained pollen grains were found to be fewer but their diameters to be 
larger than those of the diploids (Table 5). There was no marked change in percentage 
of stained pollen grains from C; to C‚ generation, although difference in diameter- 
measurements of tetraploid and diploid pollen grains decreased somewhat in Cs 
compared to those in C‚. Greater diameter and higher sterility of pollen grains is 
almost always associated with induced polyploidy (DERMEN, 1940), although cases 
are known in which pollen grains of the tetraploids are almost normal (MÜNTZING, 
1951). 


TABLE 5. STAINED POLLEN GRAINS 


5 P.C. of stained pollen grains Diapaeg of stane DOED 
3 Variety Kens Î ek 
ie TSonnte Tetraploid Diploid Tetraploid Diploid 
GG About 750 82.88 99,5 53.6 +4.0 | 37.0 + 2.41 20 
6) 0-753 About 750 58.6 86.0 564 +58 IED SE HAD 20 
0-632 = = — — — 
D-154 About 750 TVE 96.30 50.0 —+ 4.8 39.4 + 1.9 20 
dn C-412 About 750 73.70 95,50 49.30 +42 | 39.2 + 1.7 20 
EEG: About 750 82.66 99,2 48.8 + 0.95 | 43.0 + 0.42 20 
0-753 About 750 74,4 99.1 554 +1.5 | 42.2 + 0.9 20 
Ö) 0-632 About 750 15.4 85.8 57.5 te 1.6 47.7 He 1.2 20 
D-154 About 750 69.0 81.0 46.25 + 1.72) 38.6 + 1.9 20 
C-142 About 750 85.1 96.4 39.6 —H 0.96 | 34.5 + 0.71 20 


Fruits: In varieties of C. olitorius, the tetraploid fruits became shorter but wider 
than those of the diploid, while in C. capsularis both the median and vertical 
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diameters of tetraploid fruits increased. In 0-753, the length and width of tetra- 
ploid fruits were 4.66 cm and 0.90 cm respectively compared to 6.74 cm and 0.77 
em for the length and width of diploid fruits in the C, generation. Relationship of 
fruit size of tetraploid and diploid strains remained unchanged in the C, generation. 
The percentage of fruits set per plant in the tetraploid were much lower than those in 
the diploid. In the C, generation about 7-15 fruits were set per plant in the tetraploids 
of 0-632, while 30-50 fruits were formed per plant in the diploids. Similarly there 
were 5-15 fruits set per tetraploid plant of C-412 compared to 35-55 fruits per diploid 
plant. Fruit setting in tetraploids improved in the C‚ generation. In 0-632, 15-40 fruits 
were found to set per tetraploid plant, while in C-412, 15-55 fruits were set per tetra- 
ploid plant compared to 35-60 per diploid plant in the C‚ generation. 


Seeds: As is usually found in induced tetraploids, a reduced number of seeds was 
formed per fruit compared to those in the diploid. However, an increased number of 
seeds was found in C, fruits compared to those in C, fruits. This indicates an increase 
in fertility of C, plants over C,. Tetraploid seeds were larger in size than their diploid 
counterparts. Three hundred tetraploid seeds of each 0-632, 0-753, C.G. and C-412 
weighed 0.870, 0.776, 0.770 and 0.900 gms respectively, while the same number of 
seeds of their diploid counterparts weighed 0.620, 0.610, 0.600 and 1.040 gms respect- 
ively. Lower weight of tetraploid seeds in C-412 was probably due to the presence of 
many flaccid seeds. 


Fibres: Diameters of fibres in all tetraploids increased significantly compared to 
those in diploids (Table 6). However, they showed the same lengths as those of their 
diploid counterparts with an exception in D-154, where fibre length exhibited a sig- 
nificant decrease. 


TABLE 6. MEASUREMENT OF FIBRE IN MICRONS 


Variety Fibre length Fibre breadth No. of fibres measured 
D-154 Control 259473 + 333.47 18.07 —+ 1.64 20 
D-154 Tetra 2096.04 + 186.51 29.22 + 3.66 20 
C-412 Control 2064.88 + 131.93 19.22 + 2.29 20 
C-412 Tetra. 2127.21 + 143.30 28.84 + 4.62 20 
C.G. Control 2680.44 + 434.73 18.45 + 2.23 20 
CC UEA 2423.31 + 238.54 28.45 + 2.86 20 
O-753 Control 2205.13 + 254.53 17.69 + 2.05 20 
0O-753 Tetra. DI + 137.83 26.53 + 2.13 20 
0O-632 Control 2470.06 —+ 248.09 18.46 + 2.23 20 
O-632 Tetra. 2298.64 + 241.70 26.53 + 3.13 | 20 


Interspecific crosses: The object of raising tetraploids of both the species, as men- 
tioned earlier, was to cross reciprocally C. capsularis with C. olitorius in order to 
produce amphidiploids. Results so far obtained, have not differed significantly from 
those met in the crosses at the diploid level. One hundred and twenty six crosses were 
made at the tetraploid level and fourteen fruits were collected but all of these fruits 
showed shrivelled and flaccid seeds inside. Very likely none of them will germinate. 
Similar results were found by LCJ.C. (Annual Report, 1947). Since there were a 
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limited number of tetraploid plants, a sufficient number of crosses could not be made 
to come to a definite conclusion. The C3-generation in the next season will give a large 
number of plants to be used for greater number of crosses. 


DISCUSSION 


As it has been observed in other plants by a number of workers in the past, tetra- 
ploid jute plants appeared relatively shorter and more branched than their diploid 
counterparts. Tetraploid leaves were larger in area and also showed higher breadth/ 
length ratios compared to diploid leaves. Stomata were bigger than those in diploid 
leaves but their number per unit leaf area was less in tetraploids. Measurements of 
stomatal cells showed that with the increase in number of genomes, stomatal cell-size 
increased. Stomatal cells of tetraploid leaves were larger than those of diploid ones 
while those of the octoploid leaves appeared larger than those of the tetraploids 
(studies of the octoploids have not been included in the present paper). Similar ob- 
servations have recently been made by JANICK and STEVENSON (1955) in spinach. 


HASKELL (1954) reports that “on the average, flowers of tetraploid Morellos (Prunus 
cerasus) had lower numbers (stamen) than diploid sweet cherries (P. avium), while 
tetraploid Dukes were intermediate” and that “stamen number and variation is useful 
as an additional diagnostic character in cherries, and possibly other cultivated fruit 
species.” Although tetraploid jute usually showed a lower number of stamens in the 
flower, stamen number in tetraploid and diploid strains of jute did not appear to have 
any diagnostic value, since it varies too much from flower to flower, depending on the 
place of the latter’s origin. 

Fewer fruits with a smaller number of seeds were found in tetraploid plants com- 
pared to diploids. However, C‚ plants bore a larger number of fruits with more seeds 
than C, plants showing an increased fertility. If fertility continues to increase in sub- 
sequent generations, selections may be made from tetraploids, provided other agro- 
nomic characters are suitable. 

Diameters of fibres in tetraploids are larger than those in the diploids but they do 
not exhibit a corresponding increase in length. Thus fibres of tetraploids have turned 
out to be of undesirable quality. If this character persists in the amphidiploids, the 
purpose of crossing the two species at a tetraploid level will be weakened to a great 
extent. However, it may be possible that in amphidiploids, diameters of fibres will 
be just like those of normal diploids since here each genome will be represented twice 
as in normal diploids. 


SUMMARY 


Colchicine induced tetraploid jute plants were shorter than their diploid counter- 
parts. C tetraploid plants became taller than C, plants. Leaves were larger in size 
and with higher breadth/length ratios compared to those of diploids. Stomata were 
bigger than those in diploid leaves but their frequency was less in tetraploid leaves. 
Tetraploid flowers were bigger than the diploids and bore a reduced number of sta- 
mens. Tetraploid pollen grains were larger but the percentage of sterility in them was 
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more than that of the diploids. Fewer fruits with a reduced number of seeds were 
formed in tetraploid plants. They usually were shorter but wider than diploid fruits. 
Tetraploid seeds were larger and heavier. C‚ tetraploid plants bore more fruits with 
an increased number of seeds than C, plants. Breadth of individual fibres increased 
but length remained unchanged. 
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SAMENVATTING 
Onderzoek van door colchicine-behandeling verkregen tetraploïde jute 


Jute planten van de rassen D-154 en C-412 behorende tot de soort Corchorus 
capsularis en O-632, O-753 en C.G. van de soort C. olitorius werden met colchicine 
behandeld. De aldus verkregen tetraploïde jute planten bleken korter te blijven dan 
diploïde planten. De C, generatie gaf in dit opzicht echter een gunstiger beeld: de 
planten werden hoger dan die van de C‚ generatie. 

De stomata van tetraploïde bladeren waren groter dan die van diploïde hoewel ze 
in geringer aantal voorkwamen. De tetraploïde bloemen waren eveneens groter, ze 
hadden echter een kleiner aantal meeldraden. De stuifmeelkorrels van de tetraploïden 
waren groter, doch er kwam een groter percentage steriliteit in voor. 

Er werden minder vruchten gevormd en met een kleiner aantal zaden. 

De tetraploïde vruchten waren meestal korter, maar breder dan de diploïde vruch- 
ten. Het tetraploïde zaad was groter en zwaarder. Het aantal vruchten in de C- 
generatie was groter dan in de C‚-generatie, terwijl ook het aantal zaden per vrucht 
was toegenomen in de C‚-generatie. 

De breedte van de afzonderlijke vezels was eveneens toegenomen, maar de lengte 
was gelijk gebleven. 

De pogingen om de tetraploïde soorten te kruisen gaven tot op heden geen resultaat. 

De onderzoekingen worden voortgezet. 
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FREISLEBEN and LEIN (2) obtained a mutant line resistant against the mildew races 1, 
2 and 4 after the exposure of dry seeds of a pure line of the barley variety “Haisa” to 
X-rays (12,000 r). This is the first case of X-ray-induced resistance against plant 
diseases reported in the literature. This mildew-resistant mutant yielded less than the 
mother line, most probably as a consequence of the necrotic spots developed in ad- 
vanced stages of growth. The mildew-resistance and the necrotic spots of this line 
were inherited together (NöTrzEL, 13). 


In 1951, X-ray breeding in the barley variety “Vollkorn” was started at the Plant 
Nursery and Plant Breeding Station Probstdorf, N.Ö. (Austria), with the intention to 
produce and to select mildew-resistant mutants of practical value. “Vollkorn” is the 
widest distributed variety of brewing barley in Lower Austria and susceptible to the 
mildew races A, B, C, D, F as classified by ULONSKA (16). The “Vollkorn”-line used 
in this experiment was originally selected by E. VON TSCHERMAK (Vienna) who in 1928 
found a few individuals with shorter kernels and a somewhat shorter culm in a line 
of the variety “Hanna”. During the following 23 years of pedigree breeding no mil- 
dew-resistant type among 2,500 single plant progenies of this “Vollkorn” line was 
found. 


An amount of 50,000 kernels of a pure line of this barley variety was irradiated by 
9,400 r (220 KVs, 0.45 mm Cu, 37.6 r/min) at the Experimental Röntgen Station in 
Vienna, the moisture content of the kernels being 11.9 %. The irradiated seeds (—= X;) 
were laid out in 200 em. long rows, 12.5 cm. apart, and at a distance of 1 em. within 
the row. The germination capacity of the X, was 98 % while only 50 % of the plants 
survived in the field.*) 5,000 X, kernels produced 18 chlorophyll mutants, 10 of them 
were of the albina type. 


The X,-generation was drilled in strips of 1 m. width and 899 X,-ears of plants with 
either abnormal time of earing, or abnormal length of the culm or increased ear density 
were selected. All the other X,-ears were cut from their culms at harvest time. One out 
of 1,500 of these Xy-ears had smooth awns or markedly smoother awns than the 
mother line; 26 of such ears were selected. 

In the literature various cases of a monomer inheritance of mildew-resistance are 
reported (surveyed by HOFFMANN, 7; SMITH, 15; JENSEN, 8). In about half of them 


1) Details of irradiation, infection and selection are given by HÄNSEL (6). 

2?) Dr., Lecturer in Plant Breeding at the University of Agriculture, Vienna, Geneticist and Cereal 
Breeder at the Probstdorfer Saatzucht Station, N.O., Austria. 

3) Director of the Experimental X-ray Station Vienna 9, Alserstrasse 4. 

$) During 1951 and 1952 no mildew resistant barley variety was grown at the Station. 
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resistance is due to a recessive allele. The scheme of selection for mildew resistance 
used here, was based on the assumption that this character could arise either by a 
single recessive allele or by a single minute deficiency induced by X-rays. Contrary to 
the method applied by FREISLEBEN and LEIN (2) who selected resistant single plants 
out of mildew infected X,-ear progenies, in this experiment the mildew infection was 
restricted to X-ear progenies for the reason that the chance to detect smaller differen- 
ces of susceptibility is greater when comparing different X3-lines than when comparing 
Xo-plants. 

During the winter seasons of 1952/53 and 1953/54 a total of 15,000 Xz-ear progenies 
were inoculated by blowing a mixture of conidia of the mildew races A and B (race 
A being predominant) over the seedlings when their first leaves were 5 to 10 cm. long. 
Since only one half of each X-ear was tested in the heated glasshouse the kernels of 
the other half could be sown in the field in the spring if the corresponding half-ear 
progeny had produced signs of mildew-resistance in the glasshouse. The X-ear pro- 
genies segregating into green and albina seedlings were also registered. In the glass- 
house, the segregation ratios of 142:53 for green and albina in 1952/53 and 382: 127 
in 1953/54 were in good agreement with the expected 3:1 ratio. The greater part of 
these lines were also sown in the field. There, in 1953, a 3:1 ratio with 125 green to 44 
albina seedlings could be established, whereas in 1954 the actual ratio of 299 :50 showed 
a marked deficiency of albinas, although the corresponding half-ears had proved to 
segregate normally in the glasshouse. Apparently in some years field conditions are 
adverse to the development of albina seedlings and reliable segregation ratios can only 
be obtained in the glasshouse. 


TABLE |. COMPARISON OF THE NUMBER OF MILDEW RESISTANT X3-LINES! AND THF NUMBER OF X3-LINES 
SEGREGATING INTO Albina AND NORMAL SEEDLINGS IN THE BARLEY VARIETY ““VOLLKORN” 


Number of Xs-lines | Xs-lines segregating into Mildew resistant Xgrlines 
infected with mildew | _albina and normal green ; also under field 
in the glasshouse seedlings in the glasshouse conditions?) 
counted corrected?) chlorotic necrotic 

1952/53 4,000 21 22 50 15 24 
1953/54 11,000 63 67 107 Ris 48 
Total 15,000 84 89 157 33 7D 
1952/53 per 1000 525 5.50 12.50 BMS 6.00 
1953/54 per 1000 5/3 6.09 9,73 1.64 4.36 
Average per 1000 5.60 5.93 10.04 2.20 4.80 


1) Xgrlines — Xy-ear progenies. 

2) For an expected ratio 3 green: 1 albina seedling the probability P of the occurrence of at least 
1 albina seedling in an Xs-half-ear progeny of 10 individuals is 0.944 (the calculation is based on the 
formula given by KNIGHT, 10, p. 166). 

®) Mutant lines which proved to be less susceptible to mildew for at least one degree of a relative 
scale of 5 degrees for 2 or 3 subsequent years. 
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Table 1 shows the number and distribution of X3-lines (a) segregating into green 
and albina seedlings, (b) of Xg-lines with improved mildew-resistance as observed in 
the glasshouse, and (c) in the field, in the total of 15,000 lines artificially inoculated 
with mildew conidia. The 190 more or less resistant Xg-lines found in the glasshouse 
survived the heavy mildew attack with different signs of reaction. Most of them (157) 
developed chlorotic spots and the smaller part (33) also necrotic points soon after the 
inoculation, and all mutants except one (mut. 3502/53) developed at least some sporu- 
lating pustules of the fungus on the leaf blades. In a preliminary examination mut. 
3502/53 was resistant, but not immune, against the races A;, B, C, D, F, and some 
other mutants moderately resistant against the races A or B. The “unmutated” lines 
and control plants decayed under glasshouse conditions mostly before the third or 
fourth leaf had appeared, owing to an abundant sporulation of the parasite. Only 
37.8 % of all lines more or less resistant under glasshouse conditions were also resistant 
under field conditions during 2 or 3 years. The type of resistance induced and its 
inheritance in various mutants is under investigation. 


To obtain a measure for the mutation rate of mildew-resistance we can compare 
the number of field resistant Xg-lines with the number of Xg-lines segregating into 
green and albina seedlings in the case that X‚-plants heterozygous for an albina allele 
survived normally. The normal survival of these can be deduced from a comparison 
of the proportion of albinas within the X,-generation, with the proportion of X-pro- 
genies segregating out albinas in the X3, i.e. 2: 1000 and > 4: 1000 respectively. On an 
average there were about 5 field resistant Xgz-lines and 6 Xg-lines segregating into 
albina and green seedlings in 1000 Xg-lines tested. Among 899 X,-ear progenies original- 
ly selected for other mutant characters and planted directly in the field, a similar 
proportion of 4 resistant lines was found. Since probably most of the induced resistan- 
ce alleles were recessive, and most of the Xg-lines bred true for resistance, the numbers 
obtained give reason to assume that the induction of an allele for resistance in the X, 
occurred at least as frequently as the induction of an albina allele. 

Up to now a similarly high frequency for any “physiological” mutation induced by 
X-rays has not been found. This high mutation rate for mildew-resistance may be due 
either to a relatively great number of different loci involved in the resistance-phenes, 
some of them controlling the same type of resistance and others various other types 
of resistance (“heterogene Merkmalsgruppe”) or to an abnormally high mutation 
rate of one or a few loci. The former case seems to be more probable, especially when 
the various phenotypes of induced resistance are considered. So the “spectrum” of 
various degrees and types of resistance produced by X-rays may be the result of a 
relatively frequent occurrence of mutations of a greater number of various modifiers 
and the relatively rare occurrence of the mutation of a major gene for resistance. 

The colour of the leaves of resistant lines was either equal to that of the mother line 
or of a darker or brighter green. A high proportion of lines with a moderate field 
resistance apparently had leaves with a more glaucous appearance than the mother 
line. 
Possibly the comparatively high rate of induced mutations of this “physiological” 
character represents not an exception but rather the rule for mutant characters due to 
different slight alterations of the metabolism. Most of these mutations, however, may 
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remain unnoticed for the lack of a method as sensible as the reaction of barley to 
different races of the mildew fungus under appropriate environmental conditions. 

The correlation coefficients for the degree of mildew resistance in the field of diffe- 
rent lines in the X4 and Xs generation and in 3 series of 14, 78 and 37 lines were r, — 
+ 0.58*, ro = + 0.67***, and rz = + 0.52*** respectively. These correlations indi- 
cate that the degree of mildew-resistance induced was fairly consistent for each line. 
At least 2 lines out of the 72 tested segregated for the resistance-phene, when Xz-plant 
progenies were examined. 


Frio. 1. MILDEW-RESISTANCE, LODGING AND YIELD OF 38 X;-MUTANT LINES OF THE VARIETY VOLLKORN 
BARLEY (Hordeum distichum nutans) 


Mildew 17th June 1955 


Lodging 9th July 1955 


VK = Vollkorn barley (original line) 
OEP — Mutant lines of normal culm length 


AA = Erectoides lines with short culms 


— Mutant lines with smooth awns 


X 


— Kernel yield 85-— 95% (Vollkorn = 100%) 
n 96-105% 
5 106-115% 
55 116-125% 
F 126-130% 


5 @OSEO 


3 


MILDEW-RESISTANT BARLEY MUTANTS INDUCED BY X-RAYS 


In 1955, two field trials with mutant lines were performed. The results of the trial 
with the higher number of mutant lines are presented in figure 1. There was a strong 
positive correlation between the degree of mildew-susceptibility and the degree of 
lodging in mutants with normal culm length, as a consequence of either a pleiotropic 
effect of the induced resistant mutations or of the weakening of the culms by the 
parasite or of both. There was no correlation between the time of earing and the de- 
gree of lodging, so that the possible retardation of the development by a decreased 
mildew infection (JENSEN, 8) was not responsible for the correlation between suscepti- 
bility and lodging. 

The mutant lines with the highest yield, up to 127 % of the mother line, m.s.d. = 
10 %, P — 0.05, combined a good mildew-resistance with a good resistance against 
lodging. In 1955 the mildew attack has been rather heavy, and in other years with no 
or less mildew the differences in yield between lines with different susceptibility to 
mildew may be less expressed and not significant. 

Since 1951 several papers concerned with or mentioning the occurrence of disease 
resistant mutants in agricultural plants induced by ionizing radiation have been pub- 
lished (BANDLOW, 1; MAC Key, 12; JULÉN, 9; GREGORY, 4; FREY, 3; KONZAK, 11). 


SUMMARY 


In 1951, a line of the Austrian barley variety Vollkorn (a brewing barley widely 
grown in Lower Austria) was exposed to X-rays with a view to selecting mildew resist- 
ant mutants. 

Mildew infection was restricted to X,-ear progenies. In the X3-generation one mu- 
tant (indicated No. 3502/53) was found to be resistant to the mildew races A, B, C, 
D, F and some other mutants showed a moderate resistance to the races A and B. 

Field trials proved that there was a correlation between the susceptibility to mildew 
and lodging. Mutant lines with high yields (127 % of mother line) combined a good 
mildew resistance with a good resistance to lodging. 

The type of resistance induced and its interitance in various mutants is under in- 
vestigation. 


SAMENVATTING 


Meeldauwresistente gerstmutanten verkregen door X-bestraling 

In 1951 werd een lijn uit het Oostenrijkse gerstras Vollkorn (een brouwgerstras, dat 
veel geteeld wordt in Neder Oostenrijk) met X-stralen behandeld om te trachten meel- 
dauwresistente mutanten te kweken. 

De meeldauwinfectie werd beperkt tot de nakomelingschap van Xg-aren. In de X3- 
generatie werd een mutant (aangeduid als No. 3502/53) gevonden, die resistent bleek 
te zijn tegen de meeldauw-physio’s A;, B, C, D, F. Enkele andere mutanten bezitten 
een matige resistentie tegen de physio’s A en B. 

Veldproeven toonden aan, dat er een correlatie bestaat tussen gevoeligheid voor 
meeldauw en legeren. Mutanten met hoge opbrengst (127 % van het moederras) bleken 
zowel resistentie tegen meeldauw als tegen legeren te vertonen. 

Het type van resistentie dat werd geïnduceerd en de overerving ervan worden thans 
bestudeerd. 
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1. INTRODUCTION 


When a new branch of science is developed and the results of research must be 
published it is obvious at first to submit it to existing periodicals of a general nature 
(botany, agriculture, etc). 

However, as soon as the number of articles in a certain field increases and the ar- 
ticles themselves become more and more specialized the need is felt for a special jour- 
nal. This is why numerous technical periodicals for phytopathology, genetics, etc., 
were founded, while at the present time there are even periodicals for particular parts 
of the branches of science mentioned above. (e.g. Nematologica, Chromosoma, Zeit- 
schrift für Forstgenetik und Forstpflanzenzüchtung). 

The original general periodicals will always need review articles e.g. on plant breed- 
ing, but articles on special subjects can better be brought to the attention of profes- 
sional colleagues in some special journal. These colleagues or the institutes and breed- 
ing stations where they are working will take a subscription to the special journal 
whereas it is highly questionable whether the numerous general periodicals will remain 
within the daily reach of the scientific workers. 

In the five years since an article on this subject was published in Euphytica (DE 
HAAN, 1) new technical journals have drawn the attention of the present writer so that 
it seems worth while to revise the survey (which was in Dutch). 

The data on subscription rates as well as length and number of articles are, if pos- 
sible, based on issues which appeared in 1955. 


2. TECHNICAL PAPERS IN THE FIELD OF RESEARCH ON PLANT BREEDING 


England 

Plant Breeding Abstracts is a quarterly journal containing abstracts of current litera- 
ture throughout the world. A special feature of Plant Breeding Abstracts is that works 
published in more unfamiliar languages are abstracted extensively. The volume 24 
(1955) contained abstracts, in English, of articles written in 33 different languages. 
Subscription rates are 70 s per volume (with subject index), less 20 % to subscribers in 
the British Commonwealth (other than recognized booksellers) who send their sub- 
scription direct. 

The 4 issues of volume 24 (1955) comprise 646 pages (excluding the 50 pp. of the 
author and subject indexes and 22 pp. of the list of journals examined in the prepara- 


tion). 


France 
Le Sélectionneur appeared from 1927 (vol. 1) to 1939 (vol. 8). In 1951 the Annales 
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de P Amélioration des Plantes was started as Series B of the Annales de I’Institut Na- 
tional de la Recherche Agronomique. Subscriptions frs. 2300 in France, for other 
countries frs. 2700. The 4 issues of vol. 5 (1955) comprise 686 pages. The 19 articles 
are written in French. It also contains abstracts. Since vol. 6 (1956) nr. 1 summaries in 
English, German and Russian have been added. 


Germany 

The Zeitschrift für Pflanzenzüchtung has appeared since 1913. A register of volumes 
1 to 26 appeared in 1949. Subscription rates are dependent on size; in 1955 DM. 106. 
The four issues of vol. 35 (1955/56) comprise 516 pages. The 17 articles are written in 
German. It also contains book reviews and abstracts. * 


Der Züchter, Zeitschrift für theoretische und angewandte Genetik, has appeared 
since 1929. In 1949 a “Sonderheft” appeared with more than 13,000 titles of literature 
in the field of genetics and plant breeding. In 1954 “Sonderheft 2” appeared, a ““Gene- 
tisches und Cytogenetisches Wörterbuch” (C. RiEGER und A. MICHAELIS); in 1955 ap- 
peared nr. 3. Subscriptions DM. 40. The 12 parts of vol. 25 (1955) comprise 374 pages. 
The 50 articles of vol. 25 are written in German. It also contains book reviews and 
abstracts. 


The “Zeitschrift für Forstgenetik und Forstpflanzenzüchtung”’, was founded in 1951/ 
1952. Subscriptions DM. 30. The six parts of volume 4 (1955) comprise 184 pages. The 
20 articles and eight short communications of vol. 4 are published in German, English, 
or French; with summaries in English added to the German texts, summaries in Ger- 
man added to English texts and summaries in German and English added to the 
French texts. It also contains book reviews and abstracts. 


India 

In India The Indian Journal of Genetics and Plant Breeding has appeared since 1941. 
Subscriptions Rs. 15 in India, Rs. 16 for other countries. The two parts of vol. 14 
(1954) comprise 88 pages. The 13 articles of vol. 14 are written in English. 


Italy 

Genetica Agraria, Peridico di Genetica Applicata all’ Agricoltura was founded in 
1947. Subscriptions L. 4000, —; for other countries $ 7—. The four parts of vol. 5 
(1955) comprise 456 pages. The 34 articles are written in Italian. 


Japan 
The Japanese Journal of Plant Breeding dates back from 1951. The three parts of 


vol. 5 (1955) comprise 212 pages. The 35 articles of vol. 5 are written in Japanese, with 
summaries in English (the leading article in English). 


The Netherlands 

Euphytica, Netherlands Journal of Plant Breeding was founded in 1952. Subscrip- 
tions for the Netherlands 12.50 guilders, for other countries 15 — guilders ($ 4—). 
The three parts of vol. 4 (1955) comprise 264 pages. The 34 articles of vol. 4 are 
written in English, with summaries in Dutch. 
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Portugal 


Melhoramento, Estudos de Estacao de Melhoramento de Plantas has appeared since 
1948. Vol. 8 (1955) comprises 125 pages. The four articles in vol. 8 are written in Por- 
tuguese, with summaries in English, French or German. 


Sweden 


Sveriges Utsädesföreningstidskrift, Journal of the Swedish Seed Association, was 
founded in 1891. Subscriptions 5 — Sw. Cr. (about $ 1 —). The six parts of vol. 65 
(1955) comprise 490 pages. The 20 articles are written in Swedish, with summaries in 
English. 


‘Agri Hortique Genetica, Reports from the Plant Breeding Institution Weibullsholm, 
has appeared since 1943. Subscriptions Kr. 10 (Bokhandelpriset Kr. 14). The four 
parts of vol. 13 (1955) comprise 229 pages. The 16 articles of vol. 13 are written in 
English or in German. 


US.S.R. 


The Bulletin of Applied Botany, Genetics and Plant Breeding (Trud. priklad. Bot. 
Genet. Selekc) was founded in 1908 as Bulletin des Bureau für angewandte Botanik. 
The first part of vol. 30 (1953) comprises 244 pages, part 2-222 pages, in total 466 
pages. Part 1 of vol. 31 (1954) comprises 276 pages. The 20 articles in vol. 30 and the 
21 articles in part 1 of vol. 31 are written in Russian. 


3. CONCLUSIONS 


From the foregoing survey it appears that special periodicals in the field of plant 
breeding were established in various countries. On the other hand in many countries 
this did not happen. For example in the U.S.A. articles on plant breeding are published 
in the Agronomy Journal, so that it seems worth while for every institute or station of 
plant breeding to take out a subscription. 

A quite different aspect is created by general periodicals in which only in isolated 
cases articles on plant breeding are published. This would seem to be burying the 
articles. 

Many data also are published in annual reports (generally in the language of the 
publishing country) and in communications (e.g. Reports of the Institute of Genetics 
and Plant Breeding at the Agricultural College of Norway, of which no. 13 appeared 
in 1956; Communications of the Swedish Balgard Fruit Breeding Institute, of which no. 1 
appeared in 1942, no. 41-42 in 1956; Bulletin of the Division of Plant Breeding and Cul- 
tivation, Tokai-Kinki National Agricultural Experiment Station, Japan, of which no. 1 
appeared in 1954). 

It is very important that “Plant Breeding Abstracts” does a lot of work collating 
world literature and in publishing abstracts in English. Of the 3546 abstracts published 
in vol. 24 (1955) only 9 % are related to the above-mentioned technical periodicals 
(Agronomy Journal included). This proves the significance of Plant Breeding Abstracts 
as a journal of reference. Every research worker should therefore promote its distri- 
bution. More subscriptions will enable the journal to extend its contents and its indices. 

For the special plant breeding journals also it is important that the number of sub- 
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scriptions increases. The latest journal, Euphytica (DE HAAN, 2) has now 700 paying 
subscribers. Considering the large number of plant breeding institutes and establish- 
ments throughout the world, however, it is to be expected that the number of subscrip- 
tions will be doubled in the near future. More subscriptions will enable Euphytica to 
give more pages at the same subscription rate. 

For research-workers in countries where there is no special journal on plant breed- 
ing or in countries where the technical periodical only inserts articles by workers of 
a given institute, it should be known that Euphytica can publish more articles from 
other countries when more pages are available. 

In 1955 Euphytica gave 66 pages for one dollar and in 1956 89 pages. Several perio- 
dicals are much more expensive. 

The mean length of the articles in Euphytica is eight pages, so that in this respect it 
is comparable with Der Züchter, The Indian Journal of Genetics and Plant Breeding 
and the Japanese Journal of Plant Breeding. 

Periodicals containing not too long articles can proportionally insert more articles 
so that there is more chance to find something of interest. In 1955 Euphytica published 
34 articles in the three issues, in 1956 41 articles. 

The present article will be revised within some years. The writer will then gladly 
account for remarks or commentary which will be brought to his attention. This also 
holds for the survey of books in the field of plant breeding (DE HAAN, 3). 


SUMMARY 


The development of research in plant breeding has resulted in a need for special 
periodicals. From a viewpoint of publication it is more rational to include specialized 
articles in technical periodicals than in journals of a general nature. 

The latest technical periodical in the field of plant breeding is Euphytica. More 
subscriptions of this journal will mean more pages at the same subscription rate and 
more available space for research workers from other countries. 


SAMENVATTING 


Vaktijdschriften op het gebied van veredelingsonderzoek 


De ontwikkeling van het veredelingsonderzoek had tot gevolg dat er behoefte ont- 
stond aan vaktijdschriften. Uit een oogpunt van publikatie is het rationeler gespecia- 
liseerde artikelen te publiceren in vaktijdschriften dan in algemene tijdschriften. 

Als jongste vaktijdschrift wordt Euphytica genoemd. Toeneming van het aantal 
abonnees zal het mogelijk maken meer bladzijden te geven bij gelijkblijvende abonne- 
mentsprijs en meer ruimte te bieden aan artikelen van onderzoekers uit andere landen. 
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Quarterly Journal edited by: 
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